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under the cognizance of Mr. G.E. Maddux, AFFDL Program Manager.
The Prograr was carried out by the Structural Systems
Departwent 3ell Aerospace Company, during the period
2 December 1,68 thru 2 December 1970 under the direction of
Hir. Stephen Jordan, Program Manager.

This report, "MAGIC II: An Automated General Purpose
System for Structural Analysis" is published in three volumes,
"Wolume I: Engin :r's Manual",'Volume II: User's Manual'", and
"Yolume III: Programmer's Manual”. The manuscript for
Volume III was released by the author in January 1971 for
publication,.

The author wishes to thank Miss Beverly Dale for her
contribution to the development of the MAGIC System, and
to acknowledge the assistance of the following personnel:
M. Morgante, S. Skalski, A. Rhoades and W. Luberacki.

This technical report has been revised and is approved.

FRANCIS J. K, AR.
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ABSTRACT

An automated general purpose system for analysis is
presented. This system, identified by the acronyn "MAGIC II"
for "Matrix Analysis via Generative and Interpretive Computa-
tions," provides a flexible framework for implementation of
the finite element analysis technology. Powerful capabilities
for displacement, stress and stability analyses are included
in the subject MAGIC II System for structural analysis.

The matrix displacement method of analysis based upon
finite element idealization is employed throughout. Ten
versatile finite elements are incorporated in the finite
element library. These are: frame, shear panel, triangular
cross-section ring, toroidal thin shell ring, quadrilateral
thin shell, triangular thin shell, trapezodial ring, trian-
gular plate, incremental frame and quadrilateral plate elements.
These finite element representations include matrices for
stiffness, consistent mass, incremental stiffness, thermal
stress, thermal load, distributed mechanical load, and
stresses.

The MAGIC II System for structural analysis is presented
as an integral part of the overall design cycle. Considera-
tions in this regard include, among other things, preprinted
input forms, automated data generation, data confirmation
features, restart options, automated output data reduction
and readable output displays.

Documentation of the MAGIC II System is presented in
three parts; namely, Volume I: Engineer's Manual, Volume II:
User's Manual and Volume III: Programmer's Manual. The
subject Volume, Volume III, 1s designed to facilitate
implementaticn, operation, modification, and extenslon of
the MAGIC II System.
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SECTION I
INTRODUCTION

A Structural Generative System has been developed and
inserted into FORMAT II (Reference 2) for the purpose of
generating structural matrices for use by FORMAT II. The
insertion of a Structural Generator into FORMAT II resulted
in a computer program retaining ease of implementation and
use, yet offering diversified capabilities.

Machine compatibility has been retained by the complete
use of FORTRAN IV in the development of the structural Genera-
tive System. The absence of machlne or assembler language
from every portion of the program eliminates the problems
of machine dependency and implementation difficulty.

Input to the Structural Generative System is accomplished
by filling in preprinted structural engineering oriented
input sheets. The combination of these sheets and the normal
matrix abstraction instructions of FORMAT II allows minimal
training for use of the program, thus decreasing the
possibility of input errors.

The program is capable of restart at any point in the
abstracticn instruction sequence stipulated at the discretion
of the User, Input data, intermediate results, final results
or any matrix whatsoever may be automatically saved, by use
of the proper instruction, and used as a starting point or
new input to subsequent applications on continuing or
independent projects,

The MAGIC System consists of a total of 355 subroutines of
which 199 form the Structural Generative System. The 355 sub-
routines can be logically designed into an overlay structure
which reflects the optimum use of available storage in relation
to the longest link so that the program will maintain respectable
execution efficiency. The Structural Generative System requires
a2 minimum of 13,000 decimal words of work storage which is assigned
to an unlabeled common block. A minimum of eight external storage
units available to the FORMAT II System are required for use of
the Structural Generative System, including at least one assigned
to the Master Input FOEMAT function, one assigned to the Master
Qutput FORMAT function, and four assigned to the Utility FORMAT
function. The other two units are necessary for intermediate
matrix results and for an instruction data set. The MAGIC System
needs 36,030 decimal words of internal storage to execute on an
IBM 360/65 using a 43 link OVERLAY structure (not considering
internal core necessary for I/0 buffers and 0S system routines).
Using the three level OVERLAY of CDC, the MAGIC System can execute
using 34,698 decomal (103,612 octal) words of internal storage
on the CDC 6400, not considering internal storage for I/0 buffers
and SCOPE system routines necessary to execute the OVERLAY program,
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The MAGIC System has been implemented on the IBM 360/65
under direct machine control, but some installations may not
be able to execute MAGIC under direct machine control. This
was the case when the MAGIC I System was implemented on the

IBM 7090.

The number of subroutines contained in the FORMAT II
program necessitated the use of SUBSYS, a software package
developed by Westinghouse, which improved the loading
capabilities of IBSYS on the IBM 7090/94. 1In addition to
allowing the program to be loaded, SUBSYS allowed the program
overlay tape to be saved, thereby improving execution time.
Programs may be stacked on this overlay tape. Taking advantage
of this fact, FORMAT II with the Structural Generative System
insertion, was actually three programs executed automatically
with no intervention by IBSYS. The first program consisted
of the FORMAT II Preprocessor, the second consisted of the
FORMAT II Execution Monitor and the third contained the
Structural Generative System. Although the Structural
Generative System was actually a separate program when
operating under SUBSYS centrol on the IBM 7090/94, it is
activated and controlled as a normal User Mcdule under the
FORMAT II System. Explicitly, the Structural Generative System
is the fourth User Module (USERO4) available under FORMAT II.

R




SECTION II
COORDINATION OF STRUCTURAL GENERATIVE SYSTEM WITH FORMAT II

A. DETAILED ANALYSIS OF USERO4 INSTRUCTION

1. Input and Qutput Matrix Position Functions

The Structural Generative System may have as many
as fifteen actual output matrices and require as many as
four actual input matrices. The basic form of the USERO4
instruction may be represented as follows:

OMP1, OMP2, OMP3, OMP4, OMP5, OMP6, OMP7, OMPS8,
OMP9, OMP10,0MP11, OMP12, OMP13, OMP1h4, OMP15 =
IMP1l, IMP2, IMP3, IMPL .USEROL.

where OMP is read as output matrix position and IMP as input
matrix position. All matrix positions, whether input or
output, must be present. They may contain matrix names or
be blank, but there must be nineteen matrix positions re-
presented by the appropriate number of commas. Blank matrix

positions are dilscussed in the next section. The output matrix
positions, if nonblank, will contain the following matrices
upon exit from the Structural Generative System:
OMP1 - copy of input structure data deck
OMP2 - revised material library
OMP3 - interpreted input (structure input
data as stored after being read
and interpreted)
OMP4 - external system grid point loads
and load scalar matrix
OMP5 - transformation matrix for applica-
tion of boundary conditions
OMP6 - transformation matrix for assembly
of element matrices
OMP7 - element stiffness matrices stored
as one matrix
OMP8 - element generated load matrices
stored as one matrix
0MP9 - element stress matrices stored as
one matrix
OMP10 - element thermal stress matrices
stored as cne matrix
OMP11 -~ element incremental stiffness

matrices stored as one matrix
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OMP12 - element mass matrices stored as
one matrix

OMP13 - structural system constants stored
as one matrix

OMPLAY - element matrices in compressed
format stored as one matrix

oMP15 - prescribed displacement matrix

The input matrix positions, if nonblank must contain
the following matrices:

IMP1 - structure dats deck (this would be
a previously generated matrix saved
in OMP1)

IMP2 - interpreted jnput (this would be a

previously generated matrix saved
in OMP3 used for restart)

IMP3 - existing material library (this
would be a previously generated
matrix saved in OMP2)

IMP4 - displacement or stress matrlix to
be used for stability analyses
(the stress matrix must have been

generated by the structural abstraction
instruction .STRESS.)

It should be noted that the following matrix positions
are called matrices only in the sense that all input and output
entities are considered matrices by FORMAT II - OMF1l, IMP2,
OMPF3, OMP1h4, IMP1, IMP2 and IMP3.

It is important to note that OMP1l4 is mutually
exclusive with OMP6, OMP7, OMP8, OMP9, OMP10, OMP1ll, and OMPl2.
In order to retain compatablility with the MAGIC I system and
eliminate redundant execution time, the following rules must
be observed.

(a) If OMP14 is suppressed then OMP6, OMP7, OMP8,
OMP9, OMP10, OMP1ll, and OMP12 will be generated according to
their definition in Part A.1 of Section II. If this is the
case then it is assumed the user is using MAGIC I abstraction
instructions to solve his problem.

(b) If OMP14 is not suppressed then OMP7, OMP8,
OMP9, OMP10, OMP1l1 and OMPl2 will serve only as indicators
to the .USEROU. instructicn for generation or ncn-generation
of their respective element matrices. Since no matrices will
be generated in OMP6 through OMP12 (if OMP1l4 is not suppressed)
they should never be referenced in subsequent abstraction
instructions.
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2. Suppression Option

Incorporated into the Structural Generative System
is an option t> suppress the generation and output of any of
the output matrices and also to indicate the absence of any
of the input matrices. This option 1s indicated to the
Structural Generative System by the absence of a matrix name
in the desired position in the .USEROQ4. instruction. A matrix
name 1s considered to be absent 1f the matrix position con-
tains all blanks or the character length of the name is zero.
For example, an instruction of the form: ,,INTINP, LOADS, TR,
TA, KEL, FEL, SEL, SZALEL,,,,, = ,,MATLBl,.USERO4.; would
cause suppression of the copy of the data deck, the revised
material library, the element incremental stiffness matrices,
the element mass matrices, the structural system constant
matrix, the compressed element matrix and the prescribed
displacement matrix. The instruction also indicates that
there 1s no input data deck on tape, (directing the Structural
Generative System to read data from cards), no interpreted data
on tape and no input displacements or stresses. It should be
noted that certain sections of the data deck are necessary for
the generation of each of the output matrices and that error
checking is done to determine if the required sections are
present. A table of the required data sections for generation
of each matrix appears in the User's Manual. Accordingly,
error checking is invoked for the input matrix positions to
determine if ambiguous or conflicting input indications have
been made.

Internally, the logic flow of the suppression option
is controlled by inserting key characters for suppressed
matrices. Upon detection of a suppressed matrix by Subroutine
INST, a matyix name of the form ////¥X is inserted into that
matrix position. The four slashes are inserted for recognition
by the Structural Generative System of a suppressed matrix
and the last two positlons may each contain the digits 0-9
assigned sequentially starting from 00 for each suppressed
matrix encountered. The last two positions in the inserted
name for suppressed matrices ensure that each suppressed matrix
name will be unique, thereby eliminating inconsistencies in
the FORMAT II Preprocessor.



Suppressed input matrices, i.e. those occurring to
the right of the equal sign in the input .USEROY4. abstraction
instruction, are recorded on NDATA, the data set reserved for
card input matrices, as null matrices to satisfy FORMAT II
Preprocessor input matrix existence requirements. This
operation is accomplished by subroutine MATSUP.

B. USE OF FORMAT II DATA SETS
1. Master Input and Master Output Use for Material Library

References to the Material Library are indicated by
output matrix position two and input matrix position three in
the .USERQU4. abstraction instruction. Retention of a newly
generated or revised Material Library is governed solely by
use of the SAVE abstraction instruction at the discretion of
the User. If retention is desired, the matrix name in output
matrix position two must appear in a SAVE abstraction instruction,
in which case it will be placed on a Master Output tape. If
a non-blank matrix name appears in input matrix position three,
the Master Input Tape will be searched for that name.

Usage and generation of the Material Library is
centrolled by the three legal combinatlions of suppression of
output matrix position two and input matrix position three.

If the matrix name in output matrix position two is non-blank,
but input matrix position three is suppressed, a new Material
Library will be generated and used. If both involved matrix
nositions are non-blank, the old Material Library will be
located on the Master Input tape, will be revised, stored as
the matrix named in the specified output position, and then
this revised Material Library will be used. If output matrix
position two is suppressed and input matrix position three is
nen-blank, then the named input Material Library will be used:
Suppression of both involved matrix positions results in an
error concdition.

Since the material library is stored under a matrix
name on Master Output tapes, and also, therefore Master Input
tapes, any other matrices may also be saved on the same tape,
including other Material Libraries.

2. Instruction Input Data Sets
An instruc<ion input data set is an external storage

unit that conta‘ns at least one of the non-blank matrices
named in input matrix nositions one, two, three or four in




the .USEROY4. abstraction instruction. The Structural Genera-
tive System conforms to all the rules of FORMAT II with

regard to use of instruction input data sets. All searching,
reading, and rewinding 1s accomplished by use of the FORMAT II
data set handling subroutines EUTL1-EUTL9. No attempt is ever
made to write on an instruction input data set.

3. Instruction Output Data Sets

An instruction output data set is an external storage
unit which has been designated by the FORMAT II Preprocessor
to contaln at least one of the non-blank matrices in output
matrix positions one to fifteen in the .USERO4. abstraction
instruction. The Structural Generative System conforms to
all rules of FORMAT II with regard to instruction output data
sets by using the FORMAT II data set handling subroutines
EUTL1-EUTLY9 to write all matrix headers, matrix trailers,
data set trailers and end of files on instruction output data
sets. All matrices are stored by column in the required record
format. No attempt 1s ever made by the Structural Generatilve
System to rewind an instruction output data set.

4, Scratch Data Sets

Scratch data sets are external storage units that have
been assigned by the FORMAT II System to the Structural Genera-
tive System to be used as temporary storage areas. There are
no reading, writing or rewinding rules imposed on scratch data
sets by the FORMAT I1 System. The required four scratch data
sets are assigned to the following functions by the Structural
Generative System:

SCRATCH DATA SET 1 -~ 1st use - external storage areas

for report form linput preprocessor

2nd use - contain structure
control information including

system orders, boundary conditions

and system print operations

SCRATCH DATA SET 2 - 1st use - contain temporary
copy of direct input structure

data deck

2nd use - contain generated
element matrices in compact
form
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SCRATCH DATA SET 3

SCRATCH DATA SET 4

lst use - contain temporary
copy of actual 1lnput deck

2nd use - contain element
Input data after reading and
interpretation

1st use - external storage
area for report form input
preprocessor

2nd use - contain input
loads matrix

3rd use - contain input dis-
placements or input stresses,
if any
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SECTION III
ORGANIZATION OF STRUCTURAL GENERATIVE SYSTEM

A. BASIC LOGIC FLOW

The Structural Generative System has three basic phases
of operational flow: the input phase, the element matrices
generatlon phase, and the output phase. The input phase consists
of reading, interpreting and storing the information contained
in the structure data deck. From the stored input, the
element matrices selected are generated in the second phase.
Phase three outputs all non-suppressed matrices indicated by the
.USERO4. abstraction instruction in output matrix position
six through twelve, 1f output matrix position fourteen has
been suppressed, or outputs only output matrix position
fourteen if it was non-suppressed. Output matrix positions
one through five and thirteen and fifteen are generated
directly from the input structure data deck and for this
reason are actually output during the first or input phase.
Subroutine USO4 controls the three logical phases by directly
controlling subrouting USO4A which controls the input phase
and USO4B which controls the generation and output phases.
Normally, the basic logical flow of the Structural Generative
System would be sequentially through the three phases, however,
by use of the suppression option, it is possible to completely
skip a given phase. The actual logic flow of the system is
created by subroutine LOGFLO as determined by the .USERO4.
abstraction instruction. For example, if the .USEROA4.
instruction was written such that only the boundary conditions
had changed and the remainder of the necessary matrices were
saved from a previous application as indicated by the suppression
option, subroutine LOGFLO would eliminate the second and
third phases.

B. INPUT PHASE LOGIC FLOW

The logic flow of the input phase is determined by the
type of input encountered. The two types of input are report
form input and interpreted input.

1. Report Form Input

The location of the input data deck is determined by
examining IMPl of the input .USEROY4. abstraction instruction.
If this input position was blank, then the data deck is assumed
to be on NPIT, the system input unit. If IMPl contained w




non-blank matrix name, then the input data deck exists as a
matrix and the criginal card form deck is reconstructed by
subroutine INDECK.

Report Form Input is a highly flexible, engineering
oriented type of input for the Structural Generative System.
From a programming viewpoint, report form input allows ease
of use by the Analyst and by translation allows logical
readability by the program.

Encountering a report form lnput deck causes the input
phase to pass control to the Report Form Input Preprocessor.
Basically, the report form input preprocessor translates the
flexible report form input deck into a sophisticated direct
input deck. Translation is accomplished by two steps con-
trolled by subroutine REFORM.

The first step 1s to read and store the report form
input deck. This step is accomplished by subroutine PHASE1l
with support by subroutines LATCH and FORMIN. PHASEl controls
all storage, both internal core storage and external storage
on scratch data sets one and four. LATCH performs label
matching tests to determine the various sections of input and
FORMIN reads all table form input, sections; non-table form
input sections are read directly in PHASE1l.

The second step in processing a repcrt form input deck
is to merge the data stored by the first step into a direct
data deck. These two operations are performed by subroutine
PHASEZ2 supported by subroutine OPEN. The information stored
by the first step 1s merged into a compact direct data deck
by PHASE2 and output on scratch data set two. The OPEN sub-
routine aids PHASEZ2 by locating, in any order designated by
PHASEZ2 the input sections stored on scratch data sets one and/or
four. At this point, a complete direct data input deck 1is
resident on scratch data set two and control returns to USO4A.
Once a direct data deck is resident on scratch data set two,
reading, interpreting and storage is controlled by subroutine
INPUT with each input section handled as indicated by the
following table:

INPUT SECTION SUBROUTINE INTERPRETED STORAGE

Title (TITLE) INPUT None

System Control (SYSTEM) INPUT Scratch data set 1
Grid Points (COORD) INPUT Scratch data set 3
Boundary Conditions (BOUND) BOUNT Scratch data set 3
Element Definitions (ELEM) ELEM Scratch data set 3
Grid Point Loads (LGADS) FGRLDS Scratch data set U
Grid Point Axes (GRAXES) FRED Scratch data set 3
Material Library Requests (MATER) FMAT Master Qutput data set
Grid Point Temperatures (TEMP) INPUT Scratch data set 3
Grid Point Pressures (PRESS) INPUT Scratch data set 3
Prescribed Displacements (PDISP) BOUND Scratch data set 3

10




If output matrix position cne was non-blank, then a
copy of the actual input data deck 1is also written on the
instruction output data set specified by the FORMAT TI System
by subroutine COPYLK.

2. Interpreted Input

After the data deck has been read and interpreted
under control of subroutine INPUT, all pertinent data exists
on scratch data sets one and three. If output matrix position
three in the .USERO4. abstraction instruction is non-blank,
then the contents of scratch data sets one and three are output
under that matrix name onto the instruction output data set
specified by the FORMAT II System by subroutine OUTINT. 1f
this "matrix" is saved and input at input matrix position two
in the .USERO4. instruction, the Structural Generative System
is capable of restart at the second or element generation
phase, thereby eliminating a repeat of the input phase. This
feature is recommended for usage on large applications where
the procedure would be to run the data deck, stop after
interpreting and storing the data, check for input errors,
and if no errors are present restart at the element generation
phase.

Before exiting from the input phase, subroutine CHEK
is called to perform input error cross-checking. While
determining the logical flow at the Structural Generative System,
subroutine LOGFLO also recorded the input sections required to
generate the requested output matrices. If any of the required
input sections have not been processed, then execution will be
terminated after the input phase.

C. ELEMENT MATRICES GENERATION PHASE LCGIC FLOW

The second phase of operation of the Structural Generative
System consists of generation of the element matrices.

If input matrix position two of the input .USERCY4. abstrac-
tion instruction is non-blank, then subroutine ININT is called
to reconstruct the data on scratch data sets one and three from
the 1lnput matrix.

If input matrix position four of the input .USERO4.
abstraction instruction is non-blank, then subroutine DEFLEX
is called to store the input displacements or stresses (which
ever was input) on scratch data set four.

11



At this polnt all the necessary data 1s located on scratch
data sets one and three, placed there by either phase one or
restart using input matrix position two of the .USEROA4.
abstraction instruction. Baslc control of the second phase 1s
accomplished by subroutine FELEM under subroutine USOUB. FELEM
reads scratch data set one to obtain system control information
and sets suppression controls to eliminate generation of
undesired element matrices by calling subroutine SQUISH. Scratch
data set three contains the necessary input for each element,
one set of element input per record. For each element, sub-
routine ELPLUG reads an element input record, selects the proper
element to calculate the matrices and then writes the generated
matrices on scratch data set two in compact form.

Prior to being written upon scratch data set two, the
element matrices are temporarily stored in the blank common
work area. Also, all work areas that are needed by the
specific element are allocated from the blank common work
area. For these reasons, the Structural Generative System
requires a blank common work area of at least 13,000 words
of internal core storage.

Imbedded into the Element Matrices Generation Phase, at
strategic locatvions, are utility packages accessible by the
specific elements which require their capabilities. Integra-
tion packages and small scale matrix operation packages are
examples of utiiity sections comnonly accesslible to the neces-
sary elements. The exact locations of these packages are
indicated by the Structural System Overlay Chart (Appendix I).
Overlay to each element has been avcided wvherever possible
te reduce execution process time. However, an area of
approximately 1000 locations between the longest 1link and
the origin of the common area has been kept clear to allow
for future substantial alterations to be made without re-
designing the complete overlay structure.

D. OUTPUT PHASE LOCIC FLOW

1. Organization of Output Matrices

A11 output entities from the Structural Generative
System are written following the rules of the FORMAT II System.
Each output enticy is written as a matrix, consisting of a
matrix header, matrix column records and a matrix trailer.
The following list exhibits the contents, interpretation of
matrix header information (number of rows, number of columns)
and interpretation of matrix column records for each output
position in the .USEROY4. abstraction instruction.

R
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Output Matrix Positilon One (OMP1)

Contents

Copy of card input ddta deck
Number of rows Set to eighty (80)

Number of c¢olumns Number of cards in data deck
Column records - One data card per column record,
one card column per row

Output Matrix Position Two (OMP2)

Contents
Number of rows

Material library

306 (maximum number of words
possible for one material
entry)

Number of material tables in

library plus one

One material table per

column record

Number of columns

Column records

Output Matrix Position Three (OMP3)

Contents
Number of rows

Interpreted input

Set to number of words in
maximum record created
Number of elements plus four
One element input block per
record

Number of columns
Column records

Output Matrix Position Four (OMPY)

Contents - External system grid point

loads

Number of degrees of freedom

in total system plus 1

Number of load conditions

The first word is the external
load scalar followed by one load
condition per column record

(use .DEJOIN. to obtain the

load scalar).

Number of rows

Number of columns
Column records

OQutput Matrix Position Five (OMPS)

Contents - Transformation matrix for
application of boundary
conditions

Number of rows - Number of degrees of freedom

in total system
Number of columns - Number of depgrees of freedom
in total system

13
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Column records - (1) for desired degrees of
freedom - contain a one
in the assigned reduced
degree of freedom row

(2) for undesired degrees of
freedom - 2olumn record
is omitted (null column)

Output Matrix Position Six (OMP6)

Contents - Transformation matrix for
assembly of element matrices
Number of degrees of freedom
in total system

Summation of element degrees
of freedom

Contain a one in the assigned
degree of freedom row for that
summed element degree of
freedom

Number of rows

Number of columns

Column records

Output Matrix Position Seven (OMP7)

Contents - Element stiffness matrices

Number of rows Summation of element degrees

of freedom

Summation of element degrees

cf freedom

Column records - Each record contalins a column
of an element stiffness matrix

Number of columns

OQutput Matrix Position Eight (OMPS8)

Contents - Element applied load matrices
Number of rows Surmation of element degrees
of freedom

One

Contains all e.ement applied
load matrices

Number of columns
Column record

Output Matrix Position Nine (OMP9)

Contents - Element stress matrices

Number of rows Summation of element stress

point and component orders

Summation of element degrees

of freedom

Column records - Each record contains a c¢olumn
of an element stress matrix

Number of columns

14
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Output Matrix Position Ten (OMP10)

Contents
Number of rows

Number of columns
Column record

- Element thermal stress
matrices

Summation of element stress
point and component orders
One

Contalns all element thermal
stress matrices

Output Matrix Position Eleven (OMP11)

Contents
Number of rows
Number of cclumns

Column records

- Element incremental
stiffness matrix

Summation of element
degrees of freedom
Summation of element
degrees of freedom

Each record contains a
column of an element incre-
mental stiffness matrix

Gutput Matrix Position Twelve (OMP1l2)

Contents

- Element mass matrices

Number of rows - Summaticn of element

Number of columns

degrees of freedom
Summation oi element
degrees of freedom

Column records - Each record ccntains a

column of an element mass
matrix

Dutput Matrix Position Thirteen (OMP13)

Contents

Number of rows
Number of columns
Column record

- System constants
Twenty-seven

Cne

Ninteen structural system
constants (for use outside
of the .USERO4. module)

The following is a description of the variabies
matrix:

in this

Word
Word
Word

Word

Number of directions allowed

Number of types of movement allowed
Number of reference points (highest
reference node in element connections)
Order of the reduced system (number
of 1's plus 2's)

Number of bounded degrees of freedom
(numver of 0's)
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Word 6 - Number of unkncwn degrees of
freedom (number of 1's)

Word 7 - Number of known degrees of
freedom (number of 2's)

Word 8 - Number of 0's plus 1l's

Word 9 -~ Element type code, equal to zero

if word 1=3, equal to one otherwise
Word 10 - Order of the total system

Word 11 - Number of elements
Word 12 - Number of load conditions
Word 13 - Word 20 - Reserved for future
expansion
Word 21 - Number of eigenvalues requested
Word 22 - Eigenvalue/vector convergence
criteria

Word 23 - Maximum number of iterations
Word 24 - Control for iteration debug print

Word 25 - PFirst normalizing element for
print

Word 26 - Second normalizing element for
print

Word 27 - Control for guess vector iteration
start

Output Matrix Position Fourteen (OMP14) ,

Contents ~ Element matrices in com-
pressed form

Number of rows Varies depending on problem

Number of columns One column for each element

Coiumn records - Each record contains all
element matrices generated
bty .USEROY4. instruction in
compressed form (to be used
by structural modules out-
side of .USERO4.)

Output Matrix Position Fifteen (OMP15)

Prescribed displacements
Number of degrees of freedom
in system

Number of load conditions
One prescribed displacement
condition per column record

Contents
Number of rows

Number of columns
Column records

16
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It should be noted that OMPl, OMP2, or OMP3 and OMP1lA4
are not actually matrices and, therefore, should never be
referenced as input to an algebraic matrix operation. OMP7,
OMP9, OMP1ll and OMP12 are formed by placing the element matrices
into the output matrix such that thc main diagonal of the
element matrix coincides with the next available main diagonal
positions in the output matrix. For example, if the first
two element stiffness matrices represented 48 element degrees
of freedom each (such as 8 element defining points with 6
degrees of freedom each) then the first would be located in
rows one to 48 and column one to 48 in the output matrix and
the second would be placed into rows 49 to 96 and columns 49
to 96. Output matrices in these positions are almost always
wrltten in FORMAT II compressed column format due to the
inherent sparseness of non-zero matrix elements.

OMP8 and OMP10 are formed by placing each element
matrix, which is a column matrix, into the succeeding available
row positions in the output matrix.

2. Sequence of Qutput Matrices

Output matrix positions one to five, thirteen and
fifteen are output sequentially in numerical order by the
Structural Generative System. Since these seven matrices are
generated directly from data contained in the input deck, they
are output, if non-blank, as part of phase one or input phase
operations. Specifically, these seven output matrices are
placed into the FORMAT II system by the following subroutines
in phase one:

OMP1 ~ Subroatine COPYDK
OMP2 - Subroutine FMAT
OMP3 - Subroutine OUTINT
OMP4 - Subroutine FLOADS
OMP5 - Subroutine FTR
OMP13 - Subroutine TSYS
OMP15 - Subroutine PDISP

Either output matrix positions six through twelve or output
matrix position fourteen is released into the FORMAT 1I System
during phase three of the Structural Generative System. Out-

put of matrices six through twelve is controlled by subroutine
QUTMAT using utility subroutines USH61, USU62 and US463. 1In
contrast to output of the first seven matrices, which 1is achieved
consecutlively, output of matrices six through twelve will

17
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usually occur concurrentiy. Output matrix position fourteen
is released to the FORMAT System by subroutine ELMAT. Since
output matrix fourteen is mutually exclusive with output
matrice six through twelve only one of the above subroutines
OUTMAT or ELMAT is activated.

Operational flow in the output phase of matrices six
through twelve, if output matrix fourteen is suppressed,
consists of extracting the compacted element matrices from
scratch data set two and releasing them to the FORMAT II
System in the required form. Due to the fact that more than
one output matrix may have been assigned to the same instruction
output data set by the FORMAT II System, direct outpuf at
matrix generation time (phase two) is impossible, thus
necessitating the use of scratch data set two. However, 2t
output time, the optimum procedure is determined by subroutine
OUTMAT to achieve multiple matrix output per pass of scratch
data set two. The procedure involves determining which matrices
may be output during the same pass of scratch data set two by
(a) comparing the assigned instruction output data set number,
and (b) type of matrix being output. Output matrix positions
eight and ten, if non-blank, are always output on the first
pass. Output matrix positions six, seven, nine, elieven, and
twelve may require from one to five passes of scratch data
set two, recognizing the best and worst possible cases. 1In
general, OUTMAT may only output one matrix per pass on a given
instruction output data set with the exception of output matrix
positions eight and ten which are always output con the flrst
pass regardless of their instruction output data set numbers.

For example, given the following instruction output

data set assignments by the FORMAT II System (all output
matrix positions referenced are non-blank):

Format Assigned Instruction

Output Matrix Position OQutput Data Set
6 4
7 8
8 3
9 3
10 8
11 y
12 3

18
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QUTMAT would release all the requested matrices (6-12) t»o
the FORMAT II System in two passes of scratch data set two
as indicated below.

PN s A Wk e L it oletnes 0,
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PASS 1 -6, 7, 8, 9, 10
PASS 2 - 11, 12

Output Matlrix Positions 6, 7 and 9 may be output concurrently
on nass one since they are to be located on different data
sets. Positions eight and ten will always be output on pass
one. Since positions 11 and 12 are to be located on different
data sets, they may be output on the same pass.

A
<
3

Eniat e b e ke

If a matrix is less than 50% dense, the compressed
column record format is invoked.
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SECTION IV

OPERATIONAL CONDITIONS

A, IMPLEMENTATION

1. Direct Machine Control

Under direct machine control the only changes required
for implementation on any system are contained in one deck,
subroutine MRES. The inmplementation operations involved are
explained in detail in Appendix IX. In general, the infor-
mation which must be supplied consists of defining system
parameters; such as system input unit, system output unit,
size of blank commen work area, and limiting size of matrix
capability; and assigning FORMAT II System functions to the
avallable external storage units.

Under direct machine control the Structural Genera-
tive System has been inserted as a normal user module with
the same origin and accessibility as any other user module.

Operation of the Structural Generative System requires
the commnon area to be at least 13000lo storages and the number

of external storage units to be at least eight. Both of these
facts must be inserted into MRES at implementation time.

2. SUBSYS Control

Implementation upon an IBM 7090/9# requires an improve-
ment of the loading capabilities of IBSYS. The software
package selected is SUBSYS, developed by Westinghous Corpora-
tion. A software package was selected in deference to multiple
passes at IBJOB due to the inflexibilities of IBLDR under
IBJOB. For example, IBLDR requires the use of at least three
tape drives to load each portion, thereby removing units from
use by FORMAT II. Also, data would be inserted in the middle
of program deck and printed output would be interspersed with
IBJOB Processor Output. The most decisive advantage, however,
was the saving of lcad time under SUBSYS. Normal load time
under IBLDR for the complete program is approximately eight
minutes on a 7090, whereas under SUBSYS control the program is
placed into core and execution started with a load time of
fifteen to twenty seconds. A more detalled discussion of
SUBSYS 1s given in Appendix X.

20




APPENDIX I
OVERLAY STRUCTURE

The Overlay structure is divided into two sections.
The first section Is the revised FORMAT II Overlay
Structure (Reference 2) and the szcond section is the
Structural System Overlay structure.

21
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APPENDIX I
LOGICAL FLOWCHARTS

STRUCTURAL GENERATIVE SYSTEM LOGIC FLOW

EXEQ \

\ FORMAT II CALL TO )

.USERO4. MODULE

/ usol \

RCONTROL .USEROA4 . MODULEi/

L

LOGFLO

\

DETFRMINE LOGICAL FATH FROM
EXAMINATION OF .USERO#4., INSTRUCTION

|
N

ANY OF OUTPUT
MATRIX POSITIONS

ONE THROUGH FIVE OR
THIRTEEN AND FIFTEEN NON-

BLANK IN THE .USERO4,
INSTRUCTION?

USGUA

RONTROL INPUT PHASE./
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ARE
ANY OF OUTPUT
MATRIX POSITIONS
SIX THROUGH TWELVE OR
FOURTEEN NON-BLANK IN THE
.USERCY4. INSTRUCTION?

/ usos\

{CONTROL GENERATION
AND OUTPUT PHASES

( RETURN TO
FORMAT II SYSTEM
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B. INPUT PHASE LOGIC FLOW

TN

B

[

/

USOUA

\

K\PONTROL INFUT PHASEJ>

YES
JT-

READ DATA DECK

FROM SYSTEM

INPUT UNIT
(NPIT)

IS

BLANK?

INPUT MATRIX
POSITION 1

/ INDECK

<\?ECONSTRUCT DATA DECK

FROM INPUT MATRIX

7

CONTRL

\

—>{ EXTRACT STRUCTURAL SYSTEM
\\FARAMETERS FROM DATA DECK

IS

POSTTION
“\\_ BLANK?
™~

NO
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OUTPUT MATRIX
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(e O,
3 // COPYDK 1\
3 OUTPUT STRUCTURAL DATA
3 DECK AS A MATRIX
’ / INPUT T\
} . CONTROL INPUT DATA PROCESSING \
; USING FRED, BOUND, ELEM AND FGRLD?/
" T
£ EXIT
. FROM INPUT NO
3 DUE TO 'MATER'
4 CONTINUE
] INPUT DATA LasEL?
5 PROCESSING
| IN INPUT
:
8 / FMAT \
4 (PROCESS MATERIAL LIBRARY )
| \\ENPUT DATA USING SHIFT //
, NO
|
¢
x / EFORM \
E | — TRANSLATE REPCRT FORM INPUT DECK
E: | , USING PHASE1,LATCH,FORMIN,
E \ PHASE2, AND OPEN
! SET INDICATOR .
2 TO IGNORE
- CALL TO EXECUTIO!
3 0S04B NO OF PROBLEM
5 T DESIRED? <
= l (END CATiL///,
‘if l \\.//
- - YES
X
: | By
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B3

[ e\

\{ERFORM INPUT CROSS CHEcxlyg/

IS
OUTPUT MATRIX
POSITION 3 BLANK OR
INPUT INSUFFICIENT FOR
GENERATION OF OUTPU
MATRIX 3°?

YES

// OUTINT

OUTPUT INTERPRETED INPUT
AS A MATRIX

IS
OUTPUT MATRIX
POSITION 4 BLANK OR
INPUT INSUFFICIENT FOR
GENERATION OF OUTPUT
MATRIX 42

- YES

/[ FLOADS
\\?UTPUT GRID POINT

LOADS MATRIX

OUTPUT MATRIX

YES POSITION 5 BLANX OR
* INPUT INSUFFICIENT FOR
GENERATION OF OUTPUT

MATRIX 42
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(9 O
ST N\

\QFTPUT BOUNDARY CONDITIO?/}

H ey
171 P (s (IR el v 2 e o

L T

TRANSFORMATION MATRIX

| 13
! OUTPUT MATRIX YES
| POSITION 13
k BLANK?
4 NO
: / TSYS
X OUTPUT STRUCTURAL
k- SYSTEM CONSTANTS MATRIX
| GUIPUT MATRIX
2 POSITION 15 BLANK
| OR INPUT INSUFFICIENT
E | FOR GENERATION OF
: | OUTPUT MATRIX
i)
E:
3
4

j / PDISP \
E OUTPUT PRESCRIBED
! DISPLACEMENT MATRIX
: RETURN CONTROL
g TO USC4
f
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c.

GENERATION AND OUTPUT PHASE LOGIC FLOW

usosB  \

CONTROL GENERATION AND
OUTPUT PHASE

IS
INPUT MATRIX
POSITION 2
BLANK?

YES

NO

/ ININT \

RECONSTRUCT INTERPRETE
INPUT DATA FROM INPUT

MATRIX 2

1S
INPUT NATRIX

— POSITION Y ———— YES -
~_ BLANK?

NO

/ DEFLEX \

OBTAIN INPUT DISPLACEMENTS OR
STRESSES FROM INPUT MATRIX 3/

b
\

Z FELEM \

CONTROL GENERATION CF ELEMEN -
MATRICES USING SQUISH
AND ELPLUG

5
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NO

N

OUTPUT MATRIX
POSITION 14

BLANK?

IS

l YES
{

/ OUTMAT \

OUTPUT GENERATED ELEMENT
MATRICES USING USHel,
\L US462 AND USH63

/ ELMAT \

OUTPUT GENERATED ELEMENT
MATRICES IN COMPRESSED FORM

RETURN CONTROL
TO USO4
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APPENDIX III

LIST OF STRUCTURAL SYSTEM SUBROUTINE FUNCTIONS

Section

(]

Control and Utility Subroutines . . . .

Quadrilateral Thin Shell Eisment
Subroutines « ¢« ¢« « ¢ ¢ v ¢t v e e s e .

Frame and Incremental Frame Element
Subroutines . . L] . L[] L] L] L] . L] L] * 1 ] L]

Triangular Plate and Quadrilatera’ Plate
Element Subroutines . « .« « + « ¢« + + &

Triangular Thin Slell Element
Subroutines . « « ¢ ¢ oo 000 e e e

Triangular Cross Section Ring Element
Subroutines + ¢« ¢ + 4 o ¢ 4 e v 0 e e s

Toroidal Ring Element Subroutines . . .

Quadrilateral Shear Panel Element
Subroutines . « . . . . v e e e e e

Trapezodial Ring Element Subroutines . .
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APPENDIX III

LIST OF STRUCTURAL SYSTEM SUBROUTINE FUNCTIONS

CONTROL AND UTILITY SUBROUTINES

Usod

NTEST
REC1

LOGFLO

usola

INDECK

CONTRL

COPYDK

INPUT

FRED

BOUND
ELEM
MATCH

LAG

FGRLDS

FMAT

Coutrel tnree phases of operation of
.USERCU. module

Examine matrix name for suppression code

Perform writing and reading of tape records
for irterpreted element input

Cetermine logical path for .USEROA4.
module

Control first pnase (input phase) of
operation of .USERO4. module

Create data deck from input deck matrix
Select scratch tape unit for copying
structural data deck, extracting structural
system information in the process

Create input deck matrix from data deck

Master control subroutine for reading and
storing of structural input data

Generate grid point axes transformation
matrices

Read and store boundary constraints
Read and store element input data

Compare a material name tc an entry name
in the material library

interpolate material properties with respect
to temperature

Read and store grld point load conditions
and load scalars

Generate, revise and/or display material
iikrary information
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SHIFT

REFORM
PHASE1
LATCH

FORMIN
PHASE?2

OPEN

PDISP

CHEK
OUTINT

FLOALS

FTR

TSYS

Usou4B

ININT

DEFLEX

FELEM
SQUISH

cLPLUG

Manipulate material library internal
storage area

Control report form input preprocessing
Read and store report form input data deck

Compare an input label to 1list of legal
input labels

Read and store report form table input

Merge data stored by PHASEl into logical
sequence for INPUT

Control scratch tape manipulations for
report form input

Qutput prescribed displacements as a
FORMAT matrix

Perform input cross checking
Output interpreted input as a matrix

Qutput grid point load conditions and load
scalars as Format matrix

Output boundary constraints as a Format
matrix

Output structural system constants as a
Format matrix

Control second and third phases (element
matrix generation and output) of operation
of .USEROY4. module

Create interpreted input from a matrix
Sort and store input displacements

Control generation of element matrices

Set non-generation indicators for suppressed

matrices

Allocate work storage for elements, read
interpreted element input, select proper
element and store element matrices on
scratch tape in compact form
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REC3

RECY

MINV
AXTRAZ
MAB
MSB

BCB
MATB

SYMPRT
LOC

ELTEST
MPRD
TPRD
POOF

; \ MSTR

] AXTRAL
AXTRA3
ELPRT
OUTMAT

SN PN, % 2 e
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Perform writing of tape records for element
contrcl data

Perform compact writing of tape records for
generated element matrices

FPerform ian-core matrix lnversion
boply grid point arxes transformaticn
Perform in-core matrix multiplication

Perform in-core matrix multiplication where
first matrix 1s symmetric

Perform in-core matrix triple product of the
form TTKT where K is symmetric

Perform in-core matrix multiplication of the

form ATB

Print symmetrically stored matrix

Compute single subscript index given double
subscript indices

Compare input element control information
to required element control information

Perform generalized in-core matrix
multiplicalion

Perform generalized in-core matrix transpose
multiplication

Expands element matrices to displacement
degrees of freedom

Change storage arrangement of a matrix
Apply grid point axes transformations
Apply grid point axes transformations
Print generated element matrices

Output generated element matrices as
Format matrices
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Usl6l

Uss62

Us463

ELMAT

Al

BINT

AK

AM

IFAC
FJAB
F6219
F6211
AJ
COEF
F89
FF100

Write a matrix cclumn record in compressed
format

Generate each elements contribution to the
assembly transformation matrix

Generate full column from symmetrically
stored matrix

Output compressed element matrices as a
format matrix

Controls calculation procedures of triangular
integration package

Perform integration by expansion of binomial
theorem

Calculate slope of line between two points
of a triangle

Calculate 1intevrcept of line between two
points of a triangie

Calculate n factoriu’ for a given n
Perform defined integration

Perform defined integration

Perform defined integration

Perform defined integration
Calculate binomial coefficients
Perform defined integration

Perform defined integration

52




L3 - paoZaets

AR s 8 L .“L,,,.—.‘g
b

e e

A n e e v e

B T R T L

QUADRILATERAL THIN SHELL ELEMENT SUBROUTINES

PLUG1
cC2l

MABC

NEWFT

CDELPQ
CHDEL1
P1PR™A

CK1ll

CT1ll

MATI6O

CTOGM

CTGRM

CcC1

CMMASS

CSTM

CDM

CFMTS

Master control

Form intermediate stiffness matrix by
summation

Perform in-core matrix triple product
multiplication

Calculate revised thermal load formulation
Calculate coordinate integrals
. srange coordinate integrals in storage

Print results of coordinate and material
piroperties calculations

Control generation of membrane stiffness
matrix

Generate membrance stiffness transformation
sub-matrix

Invert 8 x 8 matrix in-core

Generate membrane transformation matrix for
transformation from oblique to geometric
coordinates

Generate membrane transformation matrix for
transformation from geometric to reference
system coordinates

Generate membrane stiffness sub-matrices

Generate membrance contribution to element
mass matrix

Generate membrane contribution to element
stress matrix

Generate membrance displacement derivative
matrix for element stress matrix control

Control generation of membrance contribution

to element thermal stress and element thermal
load matrices
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CFMV
PRT1

MATIT7O

CTOGB

CTGRB

CcC2

CFP

CFPB

CSTF

CDF

CDFX

CDFY

CFFTS

CFFV

CFMASS

Generate membrane thermal load matrix

Print membrane and flexure transformation
matrices and contribution to element
stiffness, stress, thermal stress, thermal
load and pressure

Control generation of flexure stiffness
matrix

Gerierate flexure transformation sub~-matrix
Invert 16 x 16 matrix in-core

Generate flexure transformation matrix for
transformation from oblique to reference
system coordinates

Generate flexure transformation matrix for
transformation from geometric to reference
system coordinates

Generate flexure stiffness sub-matrices

Control generation of element pressure lcad
matrix

Generate intermediate element pressure load
matrix

Generate flexure contribution to element
stress matrix

Generate flexure displacement derivative
matrix for eiement stress mat:ix

Generate flexure displacement partial with
respect to X derivative matrix for element
stress matrix

Generate flexure displacement partial with
respect to Y derivative matrix for element
stress matrix

Contrcl generaticr of flexure contribution
to element thermal stress and thermal load
matrices

Generate flexure contribution to element
thermal load matrix

Generate flexure contribution to element
mass matrix

54




o A S A e s

FEATT Yy

e

(f

e TR A e

I PHTEM ARy e poa . iy

FRAME AND INCR.IMENTAL FRAME ELEMENT SUBROUTINES

CTCQ

CECC

INCRE

P7PRT

PLUGT

PLUG22

FINP22

Gznerate transformatiocon matrix for
transformation from geometric to reference

Generate transfermation matrix for trans-
fermation frem material to geometric axes

Evairuate effect of eccentricities

Generate element incremental stiffness
matrix

Print transformation matrices and inter-
mediate calculations

Master control, generation of frame element
matrices

Master control, generation of incremental
frame matrices

Generate element incremental matrix for
the incremental frame element



TRIANGULAR PLATE AND QUADRILATERAL PLATE ELEMENT SUBROUTINES

DIRCOS

BCB12

KOBLIQ

P1718M

SELQ

FTELQ

PLUG17

PLUG18

TR18ST

FBMP1¢

To evaluate the direction cosines given any
three points that define a plane

To evaluate & triple product matrix where
all matrices are square

Ton perform a transformation_on the element
stiffness matrix AKEL (TRANY*AKEL*TRAN)

Initialize element properties from the
material table for membrane properties with
flexural data only for PLUG1l7 and PLUG18

To transform the stress matrix generated by
PLUG17 and PLUG18 to the stress system required
(generally local)

To transform the element thermal load matrix
into global or oblique system

Master control for the generation of
triangular plate element matrices

Master control for the generation of
quadriliateral plate element matrices

From transformation matrices for the stress
and thermal stress matrices

To evaluate the B matrix for the quadrilateral
plate elements, out of plane
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TRIANGULAR THIN SHELL ELEMENT SUBROUTINES

PLUG?2
ASSY?2

DCD

DTAPR

PFMASS

PMMASS

MATPR
NEWFT1
PTBM

PTMGS

DPQINT

PKM

PSTM

PFMTS

PFMV1

APRT

Master Control

Assemble membrane and flexure stiffness
sub-matrices

Perform in-core matrix multiplication of

the form TST where T 1s a diagonal matrix and
S is a symmetric matrix

Process coordinate data

Calculate the flexural contribution to the
mass matrix

Calculate the membrane contribution to the
mass matrix

Generate material properties matrices
Calculate revised thermal matrices

Generate membrane transformation matrix

for transformation from oblique to geometric
coordinate systems

Generate membrane transformation matrix for
transformation from geometric to reference
system coordinates

Calculate coordinate integrals

Generate membrane contribution to element
stiffness matrix

Generate membrane contribution to element
stress matrix

Generate membrane contribution to element
thermal load and thermal stress matrices

Generate intermediate membrane thermal load
matrix

Print membrane and flexure transformatlon
matrices and contributions to element
stiffness, stress, thermal stress, thermal
load and pressure load matrices
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PTFGS

PFP
PFFTS

PFFV1

PSTF

PTBF

EPRT

PLAS2D

PNCINE
PNG1NE

Generate flexure trancformation matrix
for transformation from geometric to
referencs system coordlnates

Generate flexure contribution to element
stiffness matrices

Perform in-core matrix triple product of

the form TTKT where K 1s symmetric and
accuracy criteprlia is imposed

Generate element pressure load matrix

Generate flexure contribution to element
thermal stress and thermal load matrices

Generate intermediate flexure thermal
load matrix

Generate flexure contribution to element
stréss matrix

Generste flexure transformation matrix for
trnasformation from oblique tc geometric
coordinate systems

Print final element matrices
Non-functional

Non-{unctional

Non-functional
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TRIANGULAR CROSS SECTION RING ELEMENT SUBROUTINES

PLUG6
EXPCOL

EXPSIX

TRAIC

TESTJ
TRCPRT

ITRAIE

TIEPRT
TRAIK

TIKPRT
TRAIFP
TFPPRT
TRAIFT
TFTPRT
TRAIS

TISPRT
TRAITS
TTSPRT
TRAIM

TIMPRT
TRAIFS
TFSPRT

Master control

Expand column matrix to six degrees of
freedom per point

Expand symmetric matrix to six degrees of
freedom per point

Generate coordinate transformation matrices
and integrals

Impose accuracy criteria upon integrals

Print coordinate transformation matrices
and Integrals

Generate material properties matrices
Print material properties matrices
Generate element stiffness matrix
Print element stiffness matrix
Generate element pressure load matrix
Print element pressure load matrix
Generate element thz2rmal load matrix
Print element thermal ioad matrix
Generate element stress matrix

Print element st.ess matrix

Generate element thermal stress matrix
Print element thermal stress matrix
Generate element mass matrix

Print element mass matrix

Generatez element pre-strain locad matrix

Print element pre-strain load matrix
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Generate slement pre-stress load matrix

TRAIST
TSTPRT Print element pre-stress 10ad matrix
PL6PRT Print all element matrices generated
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G. TOROIDAL RING ELEMENT SUBROUTINES

PLUGS Master control, generate element stiffness,
thermal load, pressure load, stress and
thermal stress matrices

ROMBER Perform integration by Romberg Method

F5 Evaluate a defined function for ROMBER

F5 Evaluate a defined function for ROMBER

F6 Evaluate a defin~d function for ROMBER
BMATRX Generate coordinata transformation matrix
DMATRX Generate material properties matrix
GAMMAT Generate material transformation matrix
FCURL Generate intermediate thermal load matrix
PLMX Generate intermediate pressure load matrix
SCRLM Generate intermediate stress matrix

SOLVE Solve for element stress coefficients
QUADI Performs integration using numerical

quadrature methods

PRINTS Print generated element matrices
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QUADRILATERAL SHEAR PANEL ELEMENT SUBROUTINES

PLUG14

MULTF

P14PRT

Master control, generate element stiffness,
stress and mass matrices

Performs in-core specialized matrix
multiplication

Prints intermediate calculations and
generated element matrices
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I. TRAPEZODIAL RING ELEMENT SUBROUTINES

PLUGS Master control for the generation of
trapezodial ring etement matrices
r oQ
SUBI Solves the integral H = Z-dpdz

| &
for values of Q = 0, 1 and 2 for a trapezoid

ZMRD Perform double precision multiplication of
two matrices (C = A ¥ B)

Z''3D Perform double precision multiplicat.on of
two matrices (C = AT ¥ B)

KMPY Multiply, in double precision, each element
of a matrix by a scalar to form a resultant
matrix

ERIC Compute the pressure load vector for the

trapezodial ring

P8MASS Generate element mass matrix for the
trapezodial ring
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APPENDIX IV

LIST OF SUBROUTINE FUNCTIONS CF MODULES

ASSEM

ASSEMC

ASSEMS

COLMRD

COLREP

DECODE

DEJNC
DEJNR
DEJOIN

DISPL1
DISPPR

EIG
EIGB
EIG1

EIGPPR

ADDED TO THE FORMAT II SYSTEM

Control routine for assembling element
matrices using the .ASSEM. abstraction
instructions

Assemble thermal load element matirices

Assemble element stiffness, element mass
and element incremental matrices

Utility subroutine to uncompress a column
of a matrix in dynamic storage

Generate a rectangular matrix by repeating
the input column the specified number of
times using the .COLREP. abstraction
instruction

Generate a copy of a Format matrix on a
scratch tape in full format

Perform column partitioning of a matrix
Perform row partitioning of a matrix

Control routine for matrix partitioning
using the .DEJOIN. abstraction instruction

Printing routine used by GPRINT

Controls printing of displacements from
GPRINT

Main iteration routin2 of .EIGEN1l. module
Controls iteration routine EIG

Controls routine for calculating elgenvalues
and elgenvectors using the .EIGENL.
abstraction instruction

Controls printing of eigenvalues and
vectors
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SLREAD Routine to decode the compressed element
matrix output by the .USERO4. module

displacement, eigenvalues and eigenvectors
when using the .GPRINT. abstraction

EPRINT Controls printing of element stresses anhd
forces when using the .EPRINT. abstraction
instruction

FORCE Control routine to calculate element force
when using the .FORCE. abstraction instruction

FORCE1l Routine to set up dynamic storage and
control calculation of element forces for
each element

i FORCE2 Calculates element force

% FREEUP Routine to return work storage to available
: use

% GPRINT Control routine to print reactions,

Instruction

GPRNT1 Controls storage and correct print transfers
for .GPRINT.

IDENTC Generates an identity matrix when using the
.IDENTC. abstraction instruction

IDENT Generates an 1dentity matrix when using the
.IDENTR. abstraction instruction

INSTO4 Instruction analyzer for the .GPRINT.
instruction

INSTO5 Trstruction analyzer for the .EPRINT.
instruction

INST43 Instruction analyzer for the .DEJOIN.
instruction

INST60 Instruction analyzer for the .STRESS. and

.FORCE. instructions

MATPRT Contrels printing of a user matrix when
using .GPRINT.

4




MATSUP

NULL

REACTP

REGE2
STRESS

STRES1

STRES2

STRPRT
TSUM

Insert suppressed input matrix names into
the Format system

Generates a null matrix using the .NULL.
abstraction instruction

Controls printing of reactions when using
.GPRINT.

Utility routine used by EIG1

Control routine to calculate element stresses
when using the .STRESS. abstraction instruction

Routine to set up dynamic storage and
control calculation of element stresses
for each element

Calculates element stresses

Prints element stresses and forces

Generates a tape summary of matrices on a
specified logical unit
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APPENDIX V

REVISIONS TO FORMAT SYSTEM DECKS

Subroutine Name: PREP

Purpose of Revision: Provide the cabability for suppressing
input matrices in an abstraction instruction

Method: Fortran statement number 200 was changed to
initialize the variable NUMSUP to zero. NUMSUP was added

to the calling sequence to subroutine INST and upon return
will contain the number of input suppressed matrices located
during compilation of the input abstraction instructions.

If NUMSUP is non-gzero upon return from INST, then subroutine
MATSUP is called to introduce the input suppressed matrices
into the Format system.
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Subroutine Name: EUTLY

Purpose of Revision: To retain the second word in the matrix
header when copying a matrix. Thus the KODE word in the
matrix header will not be changed to zero when copying a
matrix.

Method: After EUTL3 finds the matrix to be copled, a back-
space 1s issued to read the KODE word of the matrix header.
This KODE 1is transferred to the matrix header of the new
matrix.
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Subroutine Name: EUTLS

Purpose of Revision: To insure that the second word in the
matrix header is glven the value assigned by the user in the
calling argument of EUTLS5 to the variable KODE.

Method: When writing the matrix header write the variable
KODE from the argument 1list as the second word of the header.
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Subroutine Name: INST

Purpose of Revision: Provide distinct names for supnressed
matrices and record the number of input suppressed matrices
encountered while compiling the abstraction instructions.

Method: The variable NUMSUP was added to the calling sequence
of INJT ancd inserted into the calling sequence for INST90 to
record the number of input suppressed matrices located. The
variable KOUNT was initialized in INST as zero and inserted

in the calling sequence to INSTOO0 to be used as a counter to
ensure the generation of unique suppressed matrix names.
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Subroutine Name: INST90

Purpose of Revision: Introduce ungiue matrix names into the
Format system for both output and input suppressed matrices
for the .USERXX. form input abstraction instruction.

Method: The variables KOUNT and NUMSUP were added to the

3 calling seguence for subroutine INST90, KOUNT to indicate

2 the next unique suppressed matrix name and NUMSUP to record

E the number of input suppressed matrices encountered. VWhether
input or output, a suppressed matrix is located and a name

assigned to it by the same procedure. All blanks have been

removed from the input instruction by subroutine PUTL1l. The

‘ instruction is scanned, first the output side, then the input

[k side. Whenever a matrix position has length zero, i.e. the

] matrix name was blank, the suppressed name 1s created by

inserting four slashes for the first four characters and

adding one to KOUNT and inserting that value as the last two

characters. The sign of the matrix 1s set to plus. If the

suppressed matrix was an Input matrix, i.e. was encountered

on the right sign of the equal sign, then NUMSUP is incremented

by one.
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Subroutine Name: MATR

Purpose of Revision: Provide the capability of placing
card input matrices on tl.e same data set as input suppressed
matrices, if necessary.

Method: 1f card input matrices are present then subroutine
MATR 1s called to place these matrices on NDATA, the data

set selected by the Format pre~processor for that purpose.
However, if input suppressed matrices were present then they
already exist on NDATA at the time that MATR 1s called. There-
fore MATR had to be revised to check NUMD, the variable
indicatiny the number of matrices already on NDATA, before
recording card input matrices on NDATA. If NUMD is zero

then NDATA 1s rewound and a data set header written and the
card input matrices recorded. If NUMD is non-zero, then
NDATA 1is searched until the data set trailer is located, then
backspaced over the data set trailer and then the card input
matrices are recorded.
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Subroutine Name: ALOC

Purpose of Revision:

Method:
ALOCY.,

Pass the

The varlable IPRINT was added to the calling
sequence for ALOC and inserted into the call statement tc

7

value of IPKiNT, the Format
system print control, to subroutine ALOCYU for transmittal
when operating under SUBSYS control.
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Subroutine Name: ALOC31

Purpose of Revision: Indicate to the Format system the
number of scratch data sets equired to execute the .USERO4.
Instruction.

Method: The variable MINSCR(94) was set equal to four.
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Subroutine Name: ALCGCH

Purpose of Revision: Store on the instruction data set,
NINST, the necessary data for re-~initialization of program
constants for operation under Subsys control.

Method: When proceeding from program to program under
Subsys control, the necessary system parameters must be
reset at the start of each program. The values of the
parameters are obtained as follows: NPIT, the system input
unit, NPOT, the system output unit, KONST, the maximum
matrix size capability and NWORK, the number of available
work storages are obtained via the COMMON statement in
ALOCU. The value of IPRINT is received through the calling
sequence of ALOCY4. These five system parameters, NPIT,
NPOT, KONST, NWORK and IPRINT, are added as extra words to
the return instruction recorded on NINST.
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APPENDIX VI

MAGIC ERROR MESSAGES

The following is a list of all MAGIC error messages.
The 1list is divided into three sections. The first section
contains all Format error messages (Reference 2) and is
divided into two parts, the preprocessor error message,
and the execution error message. The second section contains
error messages from all arithmetic and non-arithmetic modules
developed to be used in conjunction with the structural
generative module. The third section contalins error messages
generated by the structural generative system itself, which
is the .USERO4. module. If each section the error messages
are in alphabetic order. The error message codes are
significant in that the first six characters identify che
subroutine from which the error message eminates. The
occurrence of ¥%** {in the error message indicates that
additional descriptive information will be suppliled.
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SECTION 1. FORMAT ERRCR MESSAGES

ALOCOl1 INSUFFICIENT STORAGE FOR ALLOCATION

The number of words of working storage available to the
allocator is less than the minimum required for complete
allocation of this job. This condition can be remedied by
reducing the number of abstraction instructions.

ALOC02 INVALID NO. OF MASTER INPUT/OUTPUT DATA SETS SPECIFIED

The number of master input data sets snd/or master output
data sets specified on "INPUT TAPE" or "OQUTPUT TAPE" cards 1is
greater than the number of master input and/or master output
data sets defined in vhe machine resources area as being
available to FORMAT II. This condition can be remedied by

reducing the number of "INFUT TAPE" and/or "OUTPUT TAPE"
cards.

ALOC03 INSUFFICIENT UTILITY DATA SETS FOR ALLOCATION

The number of data sets with the FORMAT II system function
IOUTIL 1s less than the minimum number required by the FORMAT
II Preprocessor during the preprocessing phase. Thils condition
can be remedied by reducing the number of "INPUT TAPE" or
"OUTPUT TAPE" cards used in this Jjob or by modifying the machine
resourcas area. (i.e., define additional data sets with the
FORMAT II systia function IOUTIL.

ALOCO4 MASTER OUTPUT DATA SET ‘t##%#% SPLECIFIED IN SAVE
INSTRUCTION NOT DEFINED

A "SAVE" instruction in the abstraction instruction sequence
refers to a master outpuc data set name which has not been
defined on an "OUTPUT TAPE" card. This condition can be remedied
by including the appropriate "OUTPUT TAPE" card in the job.

ALOCO05 MASTER INPUT DATA SET %##%## HAS NOT BEEN MOUNTED

The FOGRMAT II allocator has not been able to locate a master
input data set which has been specified on an "INPUT TAPE" card.
This condition 1is usually caused by mounting the correct master
input data set on the wrong unit or by misspelling the name of
a properly mounted data set on the "INPUT TAPE" card.
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ALCCO6 MATRIX ###### 13 NON-EXISTENT

A matrix, which appears in the abstraction instruction
sequence and which has not been created in the abstraction
instruction sequence prior to its use, has not been card input
and does not appear on any master input data set. This con-
dition can be remedied by inputting the required matrix.

ALOCO7 DUPLICATE MATRICES *###*% TN MATRIX DATA

Two or more matrices with the same name have heen card
input. This condition can be remedied by ensuring that all
card input matrices have unique names.

ALOC08 CREATED MATRIX *#¥¥#*% I3 CARD INPUT

A matrix which is created in the abstraction instruction
saquence has tne same name as’ a matrix which 1is card input.
This condition can be remedied by removing the matrix in
question from the card input matrix data.

ALOCO9 SUBSCRIPTS Qr ##¥###% ZYCZED DIMENSIONS OF MATRIX

The indices of a scalar elexent to be extracted from a
matrix are larger than the dimensions of that matrix. Thnis
condition can be remedied by changing the indlces of the scalar
element specified in the abstraction instruction sequence.

ALOC10 DUPLICATE MATRICES CREATED ~~ NAME ¥x¥¥¥x

A matrix in the abstraction instruction sequence appears
more than once on the left side of an equal sign. This condition
can be remedied by ensuring that all matrix names, which appear
on the left side of an equal sign in the abstraction instruction

sequence, have unique names.

ALOC1l MATRIX ¥#wa##¥% TS USED MORE THAN ONCE IN INSTRUCTION ¥%#%

The matrix names appearing in the indicated instruction
in the abstraction instruction sequence do not have unigue
names. This condition can be remedied by ensuring that all
matrix names appearing in a given abstraction instruction have

unique names.

ALOC12 CREATED MATRIX *#*###% HAS BEEN {NPUT

A matrix which appears on the left side of an equal sign.
in the abstraction instruction sequence has the same name as
a required input matrix. This condition can be remedied by
either changing the name of the required input matrix or by
changing the name of the matrix which appears on the left side

of the equal sign.
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ALOC13 MATRICES CREATED IN INSTRUCTINN ##% NEVER REFERENCED

The indicated abstraction inst:iuction in the abstraction
instruction sequence creates matrices, none of which are
referenced in subsequent abstraction instructions. This con-
dition can be remedied by removing the indicated abstraction
instructions from the abstraction instruction sequence.

ALOC14 DUPLICATE STATEMENT NUMBERS *¥####

Duplicate statement numbers occur in the abstraction
instruction sequence. This condition can be remedied by
ensuring that each statement number occuring in the abstraction
instruction sequence is unique.

ALOC15 GO TO DESTINATION #**¥*#% TS MISSING OR OCCURS BEFORE
I¥ TEST

An abstraction instruction "IF" in the abstraction
instruction sequence conditionally transfers to a non-existent
statement number cr transfers to 2 statement number cn an
abstraction instruction which is sequentially earlier than
the "IF" abstracction instruction in questiom. This cendition
can be remedied by ensuring that all "IF" abstractiorn instructions
coenditionally transfer to a statement number which occurs
sequentially after the "IF" abstraction instruction.

ALOC16 NON CONFORMABLE MATRICES IMN INSTRUCTION #*###
Two matrices occur in the indicated abstraction instruction
in the abstraction instruction whose dimensions are such that

the matrix operation in the indicated abstraction instruction
1s not defined.

EXEQO1 THE FORMAT SYSTEM IS UNABLE TO LOCATE MATRIX ¥#%¥xx#

This message signifies a malfunction of the user-coded
subroutine which creates the specified matrix.

EXEQ02 CONFORMABILITY ERROR I~ INSTRUCTION CREATING MATRIX ###¥¥#%
The matrices involved on the right side of the equals

sign in the instruction creating the specified matrix are
unconformable.
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EXEQO3 MATRIX ###### TS SINGULAR

The matrix is singular in a "Solution of Equations"
routine, i.e., in "STRCUT," "SEQEL" or "INVERS."

EXEQQU AN ERROR HAS OCCURRED IN THE USER *# MODULE

An error recognized by the indicated user-coded subroutine
has occurred. This will usually be associated with incorrect
‘definitlion of the special data for use by thesubroutine.

EXEQO5 AN IMPROPER UPDATE HAS BEEN MADE TO THE FORMAT SYSTEM -
EXECUTION TERMINATED

A new permanent module has not been properly incorporated.
The FORMAT II systems analyst should Le contacted if this error
message occurs,

EXEQO5 AN ERROR HAS OCCURRED IN A USER-CODED MODULE, ERROR
HAS BEEN WRITTEN BY MODULE

An error has occurred in a non-Format module. The
specific error has been written by the subrdutine in which
the error was found.

EUTL3 THE SYSTEM IS UNABLE TO LOCATE A MATRIX. A TAPE SUMMARY
OF LOGICAL UNIT #*### WILL FOLLOW

The Format system 1s unable to locate a matrix. A tape
summary of the data set on which the matrix should have been

is printed out. The name of the matrix will appear in the
next error messuge.

INSTO1l ILLEGAL OPTION SPECIFIED CN $INSTRUCTION CARD
An option other than "SOURCE" or "NOSOURCE" has been

specified on the "$INSTRUCTION" card or a valid option starts
before card column 16 in the "$INSTRUCTION" card.

INSTO02 INVALID STATEMENT NUMBER SPECIFIED
The statement number which is specified in card columns

1-5 of the abstraction instructicn ‘preceding this error message
is composed of characters which are not all numeric.

INSTO3 INVALID CHARACTER IN COLUMN 6

Card column 6 of the abstractic: instruction preceding
this error message contains a character other than a blank or zero.
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INSTO4 UNRECOGNIZABLE OPERATION CODE
The operation specified in the abstraction instruction

preceding this error message is not contained in the FORMAT
II library of valld operations.

INSTO4 SYNTAX ERROR IN - GPRINT - INSTRUCTION

INSTO4 ILLEGAL NEGATIVE INPUT VALUE FOR SUPPRESSION OF MATRIX
ELEMENTS, ABSOLUTE VALUE TAKEN

The effective zero value for suppression of element
print in the GPRINT instruction must be positive.

INSTOU4 INVALID SPECIFICATION OF INPUT MATRICES

An incorrect number of input matrices has been specified
in the GPRINT instruction.

INSTO4 ILLEGAL SPECIFICATION OF COLUMN HEADERS

Incorrect syntax in GPRINT when written column headers.,
AY

INSTO05 SYNTAX ERROR IN - IF - INSTRUCTION

The abstraction instruction "IF" which precedes this error
message contains an unrecognizable field.

INSTO5 SYNTAX ERROR IN - EPRINT - INSTRUCTION

INSTO5 INVALID PRINT CONTROL

The print control in the EPRINT instruction was incorrectly
specified.

INSTO05 ILLEGAL NEGATIVE INPUT VALUE FOR SUPPRESSION OF MATRIX
ELEMENTS, ABSOLUTE VALUE TAKEN

The effective zero value for suppression of element print
in the EPRINT INSTRUCTION must be position,

INST0% ILLEGAL SUPPRESSION OF PARAMETER

The code indicating either stress or force matrices to
be printed has been omitted.
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INSTO6 SYNTAX ERROR IN - PRINT - INSTRUCTION

The abstraction instruction "PRINT" which precedes this
error message contains an unrecognizable fleld.

INSTO7 SYNTAX ERROR IN -~ SAVE - INSTRUCTION

The abstraction instruction "SAVE" which precedes this
error message contains an unrecognizable iield.

INST08 OPERATION CODE NOT INCLOSED BY PERIODS

The operation code in the abstraction instruction preceding
this error message 1s not inclosed by periods.

INST09 SYNTAX ERROR IN ARITHMETIC ZINSTRUCTION

The arithmetic abstraction instruction preceiing this
error message contains an unrecognizable fielx.

INST10 THIS INSTRUCTION IS NOT AVAILABLE
An incomplete modification to the instPuction cu.d procarsor

area has been made. The FORMAT II systems analyst shculd be
notified immediately.

INST43 INVALID SPECIFICATION OF PARAMETERS

A syntax error has occurred in the DEJOIN instruction.

INST43 - INVALID INDEX SPECIFIED

Parameter specifying row or column dejoin is illegal.

INST43 INVALID MATRIX NAME

The DEJOIN instructicin contains one invalid matrix
name.

MATRO1 UNRECOGNIZABLE OPTIONS ON $MATRIX CARD STANDARD OPTIONS
USED WARNING ONLY

An option other than "LIST", "NOLIST", "PRINT" or "NOPRINT"
has been specified on the "$MATRIX" card or a valid option
starts before column 16 on the "$MATRIX" card.

82

Y e ———————ie a




MATRO2 CARD FOLLOWING $MATRIX CONTROL CARD IS NOT A HEADER
CARD OR HAS - H - MISSING TN COLUMN 1

The first card following the "$MATRIX" card must be the
header card of the first card input matrix. All data up to
the first header card will be ignored.

MATRC3 NAME ON DATA CARD IS DIFFERENT FROM NAME ON HEADER
CARD. THIS MATRIX WILL BE IGNORED

The matrix header card and all associated matrix data must
have the same name in card columns 67~72.

MATRO4 ROW AND/CR COLUMN VALUE EXCEED MATRIY SIZE, IS NEGATIVE
OR IS ZERO AND VALUE IS NONZERO. THIS MATRIX WILL BE
IGNORED.

®
An element specified in the matrix -card input data is out-
slde the dimensions of the matrix, of which it 1s supposed to
be an element.

MATROS5 MATRIX EXCEZEDS ALLOTTED STORAGE. THES MATRIX WILL BE
IGNORED.

The number of words of working storage avallable to the
12atrix card reader module 1s less than the number cf words
necessary to contain all the nonzero elements in one of the
card input matrices. The number of words of working storage
required for 2 given matrix is approximately three (3) times
the number of nonzero elements in the matrix. This condition
can be remedied by decreasing the number of nonzero elements
in the card input matrir.

MATr06 DUPLICATE I-J VALUES ENCOUNTERED. THIS MATRIX WJLT, BE
IGNORED., I = R¥%% J = #%k#

Two or more values have been specified for the same matrix
element in the matrix card input data. This condition can be
remedied by ensuring that each matrix element has a2 unique set
of I - J values.

MATRO7 I VALUE O HEADER CARD EXCEEDS ALLOTTED SJZE OR IS LESS
THAN OR EQUAL TO ZERO. THIS MATRIX WILL BE IGMNORZD.

The number of rows specified in the header card of a card
input matrix 1is greatcr than the maximum number of rows permitted
in a matrix which 1s processed by the FORMAT II system, or is
less than or equal to zero. This condition can be remedied by
reducing the d.imensions of the card input matrix.
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MATRO8 J VALUE ON HEADER CARD EXCEEDS ALLOTTED SIZE OL IS LESS
THAN OR EQUAL TO ZERO. THIS MATRIX WILL BE IGNORED.

The number of columns specified in the header card of a
card input matrix 1s greater than the maximum number of columns
permitted in a matrix which 1s processed by the FORMAT II system,
or 1s less than or equal to zero. This condition can be remedied
by reducing the dimensions of the matrix.

MATRO9 FIRST CHARACTER OF MATRIX NAME ON HEADER MUST BE
ALPHABETIC. THIS MATRIX WILL BE IGNORED.

The matrix name which Is to be given to a set of matrix
card input data and which is punched in card cqQlumn 67-72 of
the header card and all associated data cards must follow the
rules for valid matrix names as defined for the FORMAT II
system. The rvie which applies in this case is that the first
character of a matrix name must be alphabetic.

MATR10 ILLEGAL CARD ENCOUNTERED. FOLLOWING CARLDS IGNORED UWTIL
ANOTHER - & - CONTROL CARD IS FOUND.

A card has been encountered in the matrix card input data
which has an 1llegal character punched in cird column 1. The
only valid characters whicn may appear in card column 1 are "H",
"E", and blank.

MATR11 CARD FOLLOWING E CARD IS NOT A $ CONTROL CARD - WARNING
ONLY.

In a valid FORMAT II deck setup the only cards which may

follow the "E" card which is the last card in the matrix card
input data, are the "$SPECIAL" card and the "$END" card.

MRESC1 FIRST CARD IS NOT A - $ - CONTROL CARD

The first card of all FORMAT II Jjobs must be a "$MAGICY
or a "$FORMAT" card.

MRES02 FIRST - $ - CONTROL CARD IS NOT A $MAGIC CARD. ALLOCATION
SUPPRESSED

The first card of all FORMAT II jobs must be a "$MAGIC"
or a "$FORMAT" card.
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MRES03 UNRECOGNIZABLE QPTION ON - $MAGIC CARD STANDARD
OPTION ASSUMED

An option other than "NEW", "STANDARD" (or blank) or
"CHANGE" has been specified on the "$MARIC" card or a valid
option starts before column 16 on the "$MAGIC" card.

MRESO4 TLLEGAL CARD FOR - CHANGE -~ OPTION - ALLOCATION
SUPPRESSED

The "DELETE" card and the "UPDATE" card are the only
valid machine resources data cards which are valid when the
"CHANGE" option has been specified on the "$FORMAT" card. The
"SETUP" card is the only valid machine resources data card
which is valid when the "NEW" option has been specified on
the "$FORMAT" card.

MRES05 THE SYSTEM INPUT DATA SET OR OUTPUT DATA SET HAS BEEN
SPECIFIED AS A FORMAT II SYSTEM FUNCTION

Two Fortran logical data sets which must not be specified
on "UPDATE", "DELETE", or "SETUP" cards are the system inpus
data set and the system output data set.

MRES06  DUPLICATE DATA SETS SPECIFIED - ALLOCATION SUPPRESSED

A Fortran logical data set has been specified more than
once on "SETUP" or "UPDATE" cards.

MRESQ7 INVALID *##% VALUE DETECTED ALLOCATION SUPPRESSED

An invalid field has been specified on an "UPDATE" or
"SETUP" card. The valid fields are as follows. The first
field must contain the logical data set number (an integer).
The second field a valid FORMAT II system function (e.g.,
"MASTRI", "MASTRO", or "IOUTIL"). The third field must
contain the physical device containing the data set. The
valid specifications in the field are "TAPE", "DISK", "DRUM",
or "CELL". The fourth field must contain the logical channel
designation. This consists of a letter A to H. The fifth
field must contain the capacity of the data set in basic
machine units (e.g., bytes, etc.). This field must be an
integer number. The error message indicates which of the five
fields is in error.

MRES08 INCORRECT SETUP OR UPDATE CARD ALLOCATION SUPPRESSED

A missing field has been detected on a "SETUP" or "UPDATE"
card.
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MRESQ9 INSUFFICIENT I/O UTILITY DATA SETS - ALLOCATION
SUPPRESSED

A minimum number of Fortran loglcal data sets available
to FORMAT II must have the FORMAT II system function of "IOUTIL".
The FORMAT II preprocesscr selects several of the data sets with
this function for scratch data sets during preprccessing. This
condition can be remedled by specifying additional data sets on
:SEggPE"or "UPDATE" cards with the FORMAT II system function

IoUTIL".

MRES10 ILLEGAL DEVICE SPECIFIED FOR MASTER INPUT DATA SET

The only valid device types which may be specified for a
FORMAT II data set whose system function is "MASTRI" are
"TAPE" and "DISK". A "SETUP" or "UPDATE" card is the source
of the error.

MRES11 ILLEGAL DEVICE SPECIFIED FOR MASTER OUTPUT DATA SET

The only valid device types which may be specified for 2
FORMAT II data set whose system function is "MASTRO" are
"TAPE" and "DISK". A "SETUP" or "UPDATE" card is the source
of the error.

PREPO1 INVALID COITROL CARD OR INCORRECT DECK SETUP

The FORMAT II preprocessor has encountered a control card
which 1s unrecognizable or which 1s valid but does not occur
in its proper place. Recommended corrective action is to check
the spelling of all control cards and check the deck set up.

PREPQ2 NOT A - $§ ~ CONTROL CARD. CARD IGNCRED
When an invalid control card is encountered or incorrect

deck setup 1s recognized, the preprocessor searches for the
next "$" control card.

PREPO3 PREPROCESSING TERMINATED EXECUTION HALTED

Whenever a serious error occurs the preprocessing 1is
terminated and a "NOGO" condition is established.

PROB0O1 UNRECOGNIZABLE OPTION ON - $RUN - CARD. STANDARD
OPTION USED.

An option other than "GO", "NOGO", "LOGIC" or "NOLOGIC"

has been specified on the "$RUN" card or a valid option starts
before column 16 in the "$RUN" card.
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PROB02 CONTRADICTORY EXECUTION OPTIONS - ALLOCATION SUPPRESSED

The options "GO" and "NOGO" have been specified on the
"$RUN" card.

PROB0O3 CONTRADICTORY LGOIC OPTIONS - ALLOCATION SUPPRESSED

"ghe 3ptions "LOGIC" and "NOLOGIC" have been specified on
the RUN" card.

PROBOY4 MISSING LEFT PARENTHESIS -~ ALLOCATION SUPPRESSED

A problem specification data card has a missing left
parenthesis.

PROB05 UNRECOGNIZABLE CARD

A problem specification data card 1s unrecognizable. The
valid problem specification data cards are the "ANALYSIS" card,
the "PROBLEM" card, the "PAGE SIZE" card, the "INPUT TAPE" card,
and the "OUTPUT TAPE" card.

PROB06 MISSING COMMA ON MASTER I/0 TAPE CARD - ALLOCATION
SUPPRESSED

There is a missing field on an "INPUT TAPE" card or on
an "OUTPUT TAPE" card in the problem spacification data.

PROBO7 ILLEGAL MASTER I/0 DATA SET NAME - ALLOCATION SUPPRESSED

The master input or master output data set name which has
been specified on "INPUT TAPE" card or on "OUTPUT TAPE" card
in the problem specification data is invalid. Master Input/Output
data set names follow the same rules as matrix names. In
particular, the name must be 1-6 characters long and the first
character must be alphabetic.

PROB08 ILLEGAL INTEGER ON MASTER I/0 TAPE CARD

The seconi field of an "INPUT TAPE" or "OUTPUT TAPE" card
in the preblem specification data is not an integer number.

PROB09 ILLEGAL PAGE SIZE - ALLOCATION SUPPRESSED
An invalid page size has been specified on the "PAGE SIZE"

card in the problem specification data. The valid page sizes
are 11 % 8", "8 * 11" and "14 ® 11",
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PROB10 MASTER INPUT OR OUTPUT DATA SET USED PREVIOUSLY
All master input and output data set names as specified on

"INPUT TAPE" and "OUTPUT TAPE" cards in the problem specification
data must be unique.

PROB11 INVALID SIZE SPECIFIED ON SIZE CARD

An integer number must be specified in the only field of
the "SIZE" card.
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SECTION 2.

ASSEM

ASSEMC

ASSEMS

COLREP

DEJNC

DEJNR

DEJOIN

MISCELLANEOUS ARITHMETIC MODULE ERROR MESSAGE

The order of the assembled - unreduced system,
NSYS = ##%%% the maximum size system can
only = %###%% p o P,

The variable KONST in subroutine MRES must be
updated to allow the user to assemble a system
with NSYS degrees of freedom.

Element number *##%*  generated a LISTEL value
Oof RRRER  yhile NSYS = #¥kxy,

If this error occurs see the MAGIC system analyst.

Must update the dimension of the list and format
arrays to allow for #¥##%# degrees of freedom.

The dimension of two arrays in subroutine ASSEIS
must be updated to assemble more degrees of freedom
than allowed. If this error, occurs see the

MAGIC system analyst.

Input matrix #e%R¥% exceeds allowable size
IMAX = SME#a

The number of rows of the input matrix exceeds
the value of KONST. IMAX 1s the number of rows
in the input matrix.

The partition number = ##R%% {5 greater than
or equal to the column dimeansion = %#¥¥% of the
input matrix.

An invalid column partition number has been
speciflied in the DEJOIN instruction 1 < JPART < ICOL.

The partition number = R%%%¥% i35 greater than or
equal to the row dimension = ¥#%¥%% of the input
matrix.

An invalid row partition number has been specified
in the DEJOIN instruction 1 < JPART < IROW.

Invalid partition number = ##xxd

The matrix partition number must be greater
than one.
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EPRINT

EPRINT

EPRINT

EPRINT

FORCE1l

FREEUP

GPRNT1

Unable to execute the EPRINT module. The work
array is not long enough for execution.

The variable NWORK in subroutine MRES must be
updated for more work storage.

The element information is for element rumber
RE#% _ o0 to next element.

Unable to print out stresses or forces for this
element, continue execution. If this error
occurs contact the MAGIC system analyst

The number of elements in the input matrices
are not the same.

If this error occurs contact the MAGIC system
analyst.

Printing for element type ¥*¥*¥* are not availlavie,

proceeding to next element.

The EPRINT module has not been updated to handle
this element type. Contact the MAGIC system
analyst.

Unable to execute the force module. The work
array contains ¥¥¥¥¥¥¥¥® yoprds, and HEERERER
words are needed to process the maximum element.

There is not enough work storage to calculate
the forces for all elements. The variable
NWORK must be updated in subroutine MRES.

Forces for element type RX¥#¥%*  ape not availadle,
proceeding to next element.

The FORCE module has not been updated to handle

this element type. The MAGIC system analyst should

be contacted if this error occurs.

The number of matrices to be kept was input as
MATOUT = ®#u¥%#%_  the number of non-zero elements

of MAT = ®##%,

If this error snould occur contact the MAGIC
system analyst.

The row dimension of TR(transformation matrix
for application of boundary conditions) = #¥k#ax,
The number of columns of TR == #®¥X#k Thys
should equal row dimension.

An incorrect matrix was input in the .GPRINT.
instruction.
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The analyst has asked for *¥###% eoigenvalues to
be printed. Subroutine GPRINT allows a maximum
of #%E#® yalues to be printed - see a program
analyst to correct this error.

Subroutine GPRINT must be updated to allow
more eigenvalues to be printed.

Error while processing matrix ####x,

An error has occurred in the GPRINT instructlon
while processing matrix named.

The matrix to be printed has ¥¥X%¥¥¥% prous while
TR indicates that 1t should have *¥#¥#%*¥ roys,

The input matrix to be printed is incorrect or the
input transformation matrix is incorrect.

Eigenvector matrix has #¥#*#* ejcenvectors,
while the eigenvalue matrix has *¥#*¥ ojgenvalues.

The eigenvector and eigenvalue matrices input
into the GPRINT instruction are not compatabhle.

Unable to execute the STRESS module. The work
array contains #¥¥*¥#¥¥¥ yopds, gnd REERERAAR yopds

are needed to process the maximum element.

There 1s not enough work storage to calculate
the stresses for all elements. The variable
NWORK must be updated in subroutine MRES.

Stresses for element type *#%¥¥*¥%  ape not available
proceeding to next element.

The STRESS module has not been updated to handle

this element type. The MAGIC system analyst should
be contacted if this errcr message occurs.
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SECTION 3. .USERO4. ERROR MESSAGES

CHEK - Input section ®#®% has not been found. This
innut section is required for generation of
the foilowing matrices.

The named matrices cannot be generated due to
the omission of the specified input section.

CONTRL ~ System information card missing. Cannot allocate
storage.

All input data decks must have SYSTEM section
to allocate storage for processing of input.

CONTRL - System information card missing. Cannot
allocate storage.

The SYSTEM card is missing from tne report
form input deck.

CONTRL - $END card encountered while Peading .USEROA4.
input, indicating absence of end or check card.
Check card will be inserted.

END or CHECK card missing from report form input
deck.

DEFLEX - .USERO4. Module unable to locate matrix ##kex#
The system 1s unable to locate a matrix.

DEFLEX - Matrix %##®%% dqoes not qualify as an input
displacement matrix for the .USERO4. module.

Dimensions are ##k¥¥ hy #%%X* apd should be
BERER [y REARE,

The input displacement mat.ix used t¢ calculate
incrementals is ¢f the wrong order.

DEPFLEX - Matrix #%* ‘% does not qualify as an input
displacement or stress matrix.

The input matrix used to calculate incrementals
is of the wrong order. If the matrix was a
stress matrix then it must have been generated
using the .STRESS. abstraction instruction.
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Element control error in subroutine ELEM.
Element number ###%% calls plug number #*##,
Plug number should be greater than zero.
Execution terminated.

All element type code numbers are greater than
zero. Proper element type cannot be selected.

Element control error in subroutine ELEM. Element
number ##%#% has material number *#¥¥¥R_  Mateprial
identification must be different from zero.
Executlon terminated.

Self-explanatory.

Element control error in subroutine ELEM. Element
Dumber #%%¥# has number of grid points = ¥#¥¥,
Number of grid points must be greater than zero
and no greater than eight. Execution terminated.
Self explanatory.

Element input error No. ¥. Plug No. *¥. Element
No. ##x#,

Error number 1

incorrect plug number

(element type code)

incorrect number of element
defining points

incorrect value for extra element
input indicator

incorrect matrix orders for element
(number of degrees of freedom per
point incorrect)

Error number 2

Error number 3

Error number 4

Element control error in subroutine ELEM. Element
number #¥%#%% has number of input points = ##*
Number of input points must be position.

Execution terminated.

Self-explanatory.

Input error in subroutine ELEM. Element node
point 1s negative or zero in element number ¥%¥¥#

No element defining point number may be negative
and only mid-points may be zero.
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Input error in subroutine ELEM, after inter-
polation value of Young's Moduluo equals

+ RENRERNR 4 #% in material number WANNER
FRRRRRRREARTHRAUNRRRNRRE . Value should be

greater than 1.0. Execut on terminated.
Self-explanatory.

Input error in subroutine ELEM, after inter-
polation Poisson value equals + ERRERARRE

+ %% in material number ¥EEEEET EERERAXERREARKRRKERRRAAS

Value should be greater than -l 0 and less than
1.0. Execution terminated.

Self-explanatory.

Input error in subroutine ELEM, after inter-
polation thermal coefficient values equals

+ORRRERRERE + 3% {n material numbDepr ¥EXE#E
FHRRRRRRKKEXRARRRARRRRRN . Vaiue should be

greater than -1.0 and less than 1.0. Execution
terminated.

Self-explanatory.

Input error in subroutine ELEM, after inter-

polation rigidity value equals #+ . *#¥¥iExaxp
4+ %% in material number ****** *******?****1‘****“**8’1’

Value should be greater than 1 0. Execution
terminated.

Self-explanatoery.

Input error in subroutine ELEM. Mass density

value equals * . XXXXXXXXE + #* in material
NUMber #ESHART ERRERRRRERRUTRRRRRRRRRRE . Value

should be greater than zero. Execution terminated.
Self-explanatory.

Input error in subroutine ELEM. Value of

IP = *%%  vyaluye of IPRE = *¥% for element number
one. Request to repeat data from element previous
to first element is illogical. Execution
terminated.

IP and IPRE cannot be negative for {irst
element.
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Input evror in subroutine ELEM. Element number
ERERE® 315 defined by node points fer which no
coordinates have been input. Calculation of
material temperature impossible. Ececution
terminated.

Self explanatory.
Cannot locate material library.

The system cannot locate the material library
matrix.

Material error in subroutine ELEM. Material
number #%¥¥¥¥%¥ was not located c¢n material
tape. Execution terminated.

The specified material number was not available
in the material 1ibrary.

Element input error no. ¥¥¥¥  Plyg No. H#¥#%
and Element ilo. ¥¥¥#,

An error nas occurred in generatvion nf srecified
element.

Error ilo. 1  Plug number (elemsnt type) incorrect
Error No. = 2 DHNumber of nodes inccrrect
Error No. = 3 Number of input e¢lement cards incorra2c.

Input error in subroutine FMAT. Material
nUMber ¥REKKE = RRRARKAKRAREREXRRRRRALNH

Number of material temperature points is #¥,
Number of plastic temperature points is ¥¥,
Number of temperature pcints in either case
cannot exceed 9. Executlion terminated.

Self explanatory.

Input error in Subroutine FMAT. Mass density

value equals +*X¥%xu%# 4+ ##% ipn material number
BAER  RERERRATHRRREARRRTARRRNR . Value should

be non-negative. Execution terminated.
Self-explanatory.

Input error in subroutine FMAT. Polsson value

eguals + #R¥xEAXE 4 ¥R in material number
BREEZE TREXXERRBRRNTERARRRARRRARER . Value should

be greater than -1.0 and less than 1.0.
Execution terminated.

Self-explanatory.
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FMAT

FMAT

FMAT

FMAT

FMAT

FMAT

FMAT

Input error in subroutine FMAT. Rigidity value

equals + . RERNERNNE 4 #¥ ip paterial number
RERRRE TanNseansnnnnaTRONNNENNRS . Value should

be greater than 1.0. Execution terminated.
Self-explanatory.

Input error in subroutine FMAT. Thermal

coefficient value equals + ,#REXRNREE 4 O

in material number *Q*’**’ AT SELSLIEZ RS S 2N
Value should be greater than ~1.0 and less than

1.0. Execution te:minated.

Self-explanatory.

Input error in subroutine FMAT. Value of
Young's mcdulus equals + WRERRRREE 4 #&
in material)l number ******’ RURURRAREAS R RRERERRRNNER

Value shculd be greater than 1.0.
Self-explanatory.

Error message from subroutine ™MAT. Attempt
to delete material number **##%#% ysing iock
code **, 1Incorrect lock codg, request ignored.

Self-explanatory.

Error message from subroutine FMAT. Attempt to
delete material that was not on material tape.
Material number *#¥%#¥x%  Material identification
15 BRENBERRNEERRNRRREERRERR . Tnput code 1s MM,

Request ignored.
Jelf-explanatory.

Error essage from subroutine FMAT. Attempt to
revise material number ¥#E¥X%% yusing lock code *#*,
Input lock code does not match tape lock code
for this material. Revisicns or deletions not
allowed without proper lock code. Execution
terminated.

Self-~explanatory.

Error message from subroutine FMAT. Additions
requested exceed capacity of material tape.
Maximum rumber of materials cannot exceed ¥%¥#,

Self-explanatory.
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FMAT

FMAT

FMAT

FORMIN

FORMIN

Error message from subroutine FMAT. Request

for print of material that was not on tape.
Material number #%###%, Material identification
15 FRNBERNRRUNRRNRARRURRNRR . Tnput code is

R#%, Request ignored.
Self-explanatory.

Error message from subroutine FMAT. Unrecognizable
data input code. Legal codes are PI, PO, I.

o, P, OUT, ALL, SEE, SUM. Material number

RRuunr,  Material identification is
BRERNEESRARXRARRRRRRBRER . Tnput code 1s #4¥,

Execution terminated.
Self-explanatory.

Error message frcm subroutine FMAT. Number
of requests received is zero.

Number of requests must not be zero. Value of
Zero indicates improper operation of program.

Error message from subroutine FMAT. Attempt tc
input plastic data only for material which was

not on tape. Material number #¥¥#%# Material
identification s HUERRNERAXRENRNEHB RN N NN

Input code 1s ¥#**, Request ignored.

Usage of dn input code of "P" requires that the
material to be revised already exists in the
material library.

New material tape not generated. All revisions
and/or deletions requested by this case have
been ignored.

Due to a previous error, generation of a new
material library has been abandoned. Execution
will be terminated.

Unexpected label card read - point #####

Input section label card encountered while
reading table form input. Point reflects entry
now being processed.

Repeat for first psiat ignored.

Repeat option on table forms of report form
input cannot be used for first value entered.
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There 1s a mistake in the coordinates for this
transformation, we will calculate the remaining
in spite of this.

An error has occurred in generating a grid point
axes transformation matrix. Execution will
continue.

The integral of (LN(A*B¥X)/X) DX is not allowed
for A+B¥X=0. A = +, ¥R4XXE 4 ¥¥
B = + MERNNREE 4 W% Y = 4 _HARERANE 4 K¥

Natural log of zero 1s undefined.

.USERO4. input matrix *#¥2¥%¥% 35 not a valid
deck (word count error).

The specified matrix does not qualify as a
vallid interpreted input deck.

.USEROU4. input matrix ##¥¥%¥ js ot a valid deck
(compression error).

The specified matrix does naof qualify as a valid
interpreted input deck.

Input error, number of directions of grid points
not equal to number of directions of transformation
matrix. Execution terminated.

Order of grid point axes transformation matrices
must be equal to three.

Input error, number of reference points input
exceeds ¥,

Program cannot accommodate more than the given
number of input points.

Label card erropr ###i#s,

Input card read should have been label card.
Execution will be terminated.

Logical input error - matrix *¥®%%% cannot be
generated by .USERO4. module due to suppression

of fourth input matrix. Execution phase suppressed.
Input processing continuing.

The incremental matrices cannot be generated

because the input displacement or stress matrix
has been suppressed.
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Input section ####%¥* matrix not generated due
to prescribed displacement conditions .NE. 1
and .LT. Load conditions input.

The Prescribed Displacement matrix has not been
generated because of an 1llegal combination of
external load conditions and prescribed displace-
ment conditions.

Unexpected blank label card encountered.

Card read should have contained an input section
label. Input processor will attempt to continue.

No option has been selected for request number
#%#% of material library.

Self-explanatory.

More than one option has been selected for
request number *¥*#% of material library. Only
the first selection will be retained.
Self-~explanatory.

Maximum number of load conditions allowed is
100. This problem contains ¥###*,

Self-explanatory.

Load condition *## sub-label is incorrect.
Program cannot distinguish between load conditions.

Load condition sub-label in report form input
is in error.

Illegal MODAL card encountered. Card will be
iginored.

A MODAL card has been four.. while reading an
input section for which n» ;IODAL card has teen
defined.

Due to previously encounter<d error conditilon
this section is being skippe¢d. Program will

flush data deck until next rerognizable input
section is encountered.
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PHASEl

PHASE1l

PHASE2

PHASE?2

PHASE?2

PHASE2

PHASE?2

PHASE?2

Unrecognizable input section.

Input section label has been read which is
undefined in input processor.

Due to¢ above error message this section will
be omitted and check card inserted.

Self-explanatory.

Number of entries read for this section, %#¥#x,
does not agree with number that was to be read,
taex®, Actual number read will be used.

Self-explanatory.

This section has either been omitted or flushed
by phase one error. In either case this section
is considered ‘critical and execution will not

be allowed.

Self-explanatory.

Due to the omission of this gection the following
sections may be ignored - #REEER REiNEE #7NAxN

The final processing of certain sections requires
data from other sections which by omission or
other irput error are not preseut.

This section is to be merged with *##### ang
#anxx® for which values have been assigned by
both for point number #%%#¥¥  Tyo values cannot
be assigned to the same point. Neither value
wlll be used.

Self-explanatory.

This section is to be merged with #####&* ang
kxnux® for which modal cards have been encountered
for both. Two values cannot be assigneu to the
same point. Both modal cards will be ignored.
Self-explanatory.

Number of elements read ###%% is greater than
§999. Number of elements will be set at 9999.

Self erxplanatory, execution will ve suppressed.
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PHASE?2

PHASE?2

PLUG1

PLUGS5

PLUGS

PRINTS

PTPRT

No end or check card has been round. Check
card will be inserted, suppressing execution.

Self-explanatory.

Due to above error condition check card will
be inserted. Execution will be suppressed.

Self-explanatory.

Internal tape error has occurred. Processing
abandoned.

Report form input preprocessor cannot retrieve
information stored on a scratch data set.

Value of sin (alpha) is zero - run terminated.

Element defining points are in error for
Quadrilateral Thin Shell Element.

For I = XX and N = XX integral does not converge.

No convergence has besen obta¥dned for the given
integral calculiated by the Romberg technique
in the Toroidal Ring Element.

Maximum number of iterations reached in Romberg
integration routine.

Convergence was :ot obtained in 15 iterations

for an integral in the toroidal thin shell element.
Processing will continue, using 15 iteration
result.

Toroidal ring element with coordinates
Rl = + , BERNNENRE 4 B8 RO u 4+  NUERNNNEE 4 HE

Z1 = F SARRRNDNE 4THE 70 = 4  RENEEREN 4 T
1s not diagonally dominant and should be subdivided.

Element stiffress matrices must be diagonally
dominant.

PLUG7 error - third point to define plane was
not given - input error.

Three element defiring points are required for

the frame element, the third supplying definition
of the plane.
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TRAIC - Subroutine MINV has determined array GAMABQ
to be singular, execution terminated by
subroutine TRAIC.

Transformation matrix to system coordinates in
triangular cross-section ring element cannot be
inverted, usually because three element defining
points do not define a triangle.

USGL4A - Available scratch data sets #%%% {5 less than
the required 4.

The .USER04. module requires at least four
scratch data sets. The addition of more data
set's 1s required by the program-.

Usoka - Input routine, core storage required **¥*##
exceeds that available #¥*##*#% toc displacement
method matrix generator.

Blank common work area is not large enough for
processing input.

Uso4a - Report routine core storage required ¥#¥#x#
exceeds that avallable ###%##& to displacement
method matrix generator.

Blank common work area is not large enough for
processing report form input data.

Usosa - Grid point loads matrix storage required ##a###
exceeds that available #####% to displacement
method matrix generator.

Blank common work area is not large enough for
generation of grid point loads matrix.

Usola - Reduction of transformation matrixes storage
tRunR® oxceeds that available tec displacement
method matrix generator.

Blank common work area is not large enough for
generation of reduction transformation matrix.

UsSo4a - Element generation core storage required *####:x
exceeds that available ###%¥#% to displacement
method matrix generator.

Blank common work area is not large enough for
generation of element matrices.
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Usosa

usoua

Uso4a

Usosa

Usosa

Usosa

Usoha

US04B

Assembly {ransformation matrix size ###¥#
exceeds limit w#e#sx of MAGIC system.

Self-explanatory.

Grid point load matrix size RRRZ#R ayceeds
limit #xexx* - MAGIC system.

Self-explanatory.

Reduction transformation matrix size ###k¥#
exceeds limit *xx#¥% of MAGIC system.

Self-explanatory.

Stiffness matrix size #¥¥*¥%¥* gyceeds limit of
MAGIC system.

Seli-explanatory.

Stress matrix size ¥¥¥¥¥* oxceeds limit He¥#¥¥
of MAGIC systen.

Self-exclanatory.

Nunber elaments size *¥¥%¥¥¥ oxcoeds limit ¥¥r##d
of MAGIC systen.

Self-explianatoery.
: v

Output matrix **¥e¥* wil1] be a duplicate of
input matprix ¥e%EEx,

The user is saving the Iinterpreted input deck
when he already has an interpreted input matrix.

Element sort routine core storage required #¥#i¥#
exceeds that avallable #¥#¥%% t5 displacement
method matrix generator.

Blank common work area is not large enough for
output of generated matrices.
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APPENDIX VII

EXAMPLE STATIC AND STABILITY INSTRUCTION SEQUENCES

A STATICS ANALYS1S INSTRUCTION SEQUENCE

=
~1

Columns
- GENERATE ELEMENT MATRICES
,MAT, ,XLD,TR, ,KEL,FT:L, SEL,STEL, , ,SC,EM,=,, , .USERO4.
—— ASSEMBLE ELEMENT STIFFNESS MATRICES
KELA = EM.ASSEM.SC,(1)
—— ASSEMBLE ELEMENT APPLIED LOAD MATRICES

QOO QOO QO

FTELA = EM.ASSEM.SC,(4)

REDUCE ASSEMBLED STIFFNESS MATRIX

aQa
[}
i
1

KO, KNO = KELA .DEJOIN. (SC(%,1),1)
KCO, STIFF = KNO .DEJOIN. (S¢(5,1),0)
PRINT(FORCE,DISP,,) STIFF

EXTRACT LOAD SCALAR AND APPLY TO ELEMENT LOADS

(]

LSCALE,LOADS = XLD .DEJOIN . (1,1)
FTELS = FTELA .MULT. LSCALE

TRANSFORM EXTERNAL LOADS TO 0-1-2 ASSEMBLED
- SYSTEM AND FORM TOTAL LOAD COLUMNS

leXoNeoNe!
i
I
i

LOADO = TR .MULT. LOADS
TLOAD = LOADO .ADD. FTELS
TL,TLOADR = TLOAD . DEJOIN. (SC(5,1),1

C === SOLVE FOR DISPLACEMENTS

104




R aE AN dtion pasdousip i

e ol sean i ep el

SRSt ey

BYPE yn, 14w

|$ {3 Ao G O ORI ARl RESUR S S A £5 1

QQQ aQQ

QOQO

QQ (oXoNe! Q

[oNe N

XX = STIFF.SEQEL.TLOACR
TRO,TR12 = TR.DEJOIN.(SC(5,1),1)
X = TR12.TMULT.XX

X0 = TR.MULT.X

——— SOLVE AND PRINT ELEMENT STRESSES AND FORCES

STRESP = EM, XO,.STRESS. (4,)

FORCEP = EM, X0,.FORCE. (4,)
--~  SOLVE FOR SYSTEM REACTIONS

REACTS = KELA.MULT.XO

REACTP = REACTS.SUBT.TLOAD

- PRINT ELEMENT APPLIED LOADS, EXTERNAL LOADS,
——— DISPLACEMENTS AND REACTIONS IN ENGINEERING FORMAT

GPRINT(Y4,, ,FX.FY.FZ.MX.MY.MZ,SC,TR) FTELA
GPRINT(4,,,FX.FY.FZ.MX.MY.MZ,SC,) LOADS
GPRINT(2,,,U.V.W.THETAX.THETAY.THETAZ,SC,) X
GPRINT(1,, ,FX.FY.FZ.MX.MY.MZ,SC,TR) REACTP

STABILITY ANALYSIS INSTRUCTION SEQUENCE

_— GENERATE ELEMENT MATRICES
,MAT, INTP,LXD,TR, ,KEL,FTEL,SEL,STEL,,,SC,EM, =, ,, . USEROL,

- ASSEMBLE ELEMENT STIFFNESS AND ELEMENT LOAD MATRICES

KELA = EM.ASSEM.SC, (1)
FTELA = EM.ASSEM.SC, (k)
---  REDUCE ASSEMBLED STIFFNESS MATRIX

KC,KNO = KELA.DEJOIN.(SC(5,1),1)
KCO,STIFF = KNC.DEJOIN. (SC(5,1),0)
PRINT(FORCE,DISP.,.)STIFF

——— EXTRACT LOAD SCALARS AND APPLY TO ELEMENT LOADS

LSCALE,LOADS = XLD.DEJOIN.(1,1)
FTELS = FTELA.MULT.LSCALE




QaQQ QOO QQOQ

Qo QOO

QQQQ

SOLVE FOR TOTAL LOADS

LOADO = TR.MULT.LOADS

TLOAD = LOADO.ADD.FTELS

TL,TLOADR = TLOAD.DEJOIN.(SC(5,1),1)

CREATE FLEXIBILITY MATRIX
FLEX = STIFF.INVERS.

s ot B Tt e m

PRINT(DISP,FORCE,, )FLEX

SOLVE FOR DISPLACEMENTS !

XR = FLEX.MULT.TLOADR

TRO,TR12 = TR.DEJOIN.(SC(5,1),1)

X = TR12.TMULT.XR

X0 = TR.MULT.X

SOLVE FOR ELEMENT STRESSES

STRESS = EM,XO.STRESS. (4,)

GENERATE ELEMENT INCREMENTAL STIFFNESS MATRIX
vss3ssssssNEL,,,EL, = ,INTP,, STRESS.USEROA."
ASSEMBLE AND REDUCE INCREMENTAL MATRICES
INCRA = EL.ASSEM.SC,(3)

I0,INO = INCKA.DEJOIN.(SC(5,1),1)

ICO,INCR = INO.DEJOIN.(SC(5,1),0)
PRINT(,,,)INCR

CREATE EIGEN MATRIX

EIG = FLEX.MULT.INCR
PRINT(,,,)EIG

CALCULATE AND PRINT E-VALUES AND E-VECTORS :

EVLLUE,EVECTR,, = EIG,.EIGEN1.(5,,,)
GPRINT(3,,,,SC,TR12)EVECTR,EVALUE

PRINT ELEMENT APPLIED LOADS, EXTERNAL LOADS, AND
DISPLACEMENTS IN ENGINEERING FORM

GPRINT(A4,, ,FX.F{.FZ.MX.MY.MZ,SC,TR) FTELA

GPRINT(Y4,,,FX.FY.FZ.MX.MY.MZ.SC,) LOADS
GPRINT(2,,,U.V.W.THETAX.THETAY.THETAZ ,SC,) X
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APPENDIX VIII

SUBROUTINE DOCUMENTATION

Subroutine Page No.

AGENDM + ¢ ¢ ¢ v v o o o o o o & s s o o o o« o & 113
Al e e e e e e e e e e e e e e e e e e e e e 319
AJ e e e e e e e e e e e e e e e e e e e e 228
AX e e e e e e e e e e e e e e e e e e e e e 322
AM e v e e e e e e e e e e e e e e e e e e e 323
APRT e e e e e e e e e e e e e e e e e e e 355
ASSEM  + 5> o v 4 v e 4 e e e e e e e e e e e e 140
ASSEMC =« « + ¢ o o o o o o o o v o e 4 0 0w e 142
ASSEMS + ¢ o = ¢ o o o e 4 e e e e e e e e e 143
ASSY2Z ¢ v ¢ o s e e e e e e e e e e e e e e e e 337
AXTRAL « « o o o o o o o o o o o o o o o o o o o 4690
AXTRAZ + ¢ o v o o o s o o o o o o ¢« o o o« o o o 250
AXTRAS ¢ + ¢ o o o+ o o o 0 o o o e e e e e 462
RCB e e e et e e e e e e e e e e e e e e e 254
BCBL2 + o o o o o o o o o o 6 4 6 s e e e gy
BINT e e e e e e e e e e e e e e e e e e 321
BMATRX + ¢ + o ¢ o o o v o o o o & « o o o« o« o o 413
BOUND - + + e et e e e e e e e e e e e e e 103
CCB e e e e e e e e e e e e e e e e e e e e 360
CC1l e e e e e e e e e e e e e e e e e e e e 280
Ccc2 e e e e e e e e e e e e e e e e e e e e 297
cc21 e e e e e e e e e e e e e e e e e e e 264
CDELPQ « « o o » o o o o o o o o o o o o o o o o 269
CDF et e e e e e e e e e e e e e e e e e e 302
CDFX C e e e e s s e e e e e e e e e e e e e e 303
CDFY e e e e e e e e e e e e e e e e e e e 304
CDM e e e e e e e e e e e e e e e e e e e e 284
CECC e e e e e e e e e e e e e e e e e e e e 316
CEFETS v « v o v o o o o o o o o o o o o o o o o« 305
CFFV et e et e e e e e e e e e e e e e e e e e 307
CRMASS « + o o o o o o o o« o o s o v 4 o 4 o0 308
CEMTS  « ¢ v o+ o o o« o o o o o o o o o o o o o s 285
CEMY ¢+ v v+ v e o o o o e e e e e e e e e e e e 287
CFP e e e e e e e e e e e e e e e e e e 298
CFPB e e e e e e e e e e e e e e e e e e e e 299
CHDELL + ¢ o o s o o o o o o o o s o o o o o o o 270
CHEK C e e e e e e e e e e e e e e e e e e e 227
CK11 ot e e e e e e e e e e e e e e e e e e e 273
CK22 e e e e e e e e e e e e e e e e e e 289
CMMASS « & ¢ o+ o o o o o o o o o o v o o« o o 0 e 281
COER e e e e e e e e e e e e e e e e e e e e e 329
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Subroutine Page No.

COLMRD + .« v v v v v v v v 6 v o v o o v e e e 164
COLREP . « « v« v ¢ v v v e v e o o o v s a e e 134
CONTRL « ¢ v v v v 0 s v e v 0 o o o s o o v o s s 185
COPYDK . e e e e e e e e e e e e e e e e e e 186
CSTF e e e e e e e e e e e e e e e e e e e e 300
CSTM e r e e e e e e e e e e e e e e e e e 282
CTCQ e e e e e e e e e e e e e e e e e e e e 315
CTGB S 292
CIGRB & v v v v v v v v e e e e e e e e e e e 296
CTGRM & &« v v v v v e v e v e e v e o e e e e e 279
CTOGB v ¢ ¢ v v v v v e e o e e o 0 o n e e e 295
CTOGM v v v v v 0 v s v e e e e e e e e e e e 278
TS e e e e e e e e e e e e e e e e e e s 314
CT11 et e e e e e e s e e e e e e e e e e 276
DCD e e e e e e e e e e e e e e e e e e e e 338
BECODE . ¢« v v ¢ v v v v 6w v e 6 o v e e e e e 168
DEFLEY « « « ¢ v v v v v v o v o v 0 s e e e e e 237
DEJNC . ¢ v v v v o v v v o v v e e e s e e s 139
DEJNR v ¢ v v v v v e e e e e e e e e e e e e 138
DEJOIN . « v v v v v v v e a e v o v e e e e e e 136
DIRCOS . ¢« v v v v e v v e v o o o v o 0 0 e e e hh1
DISPLL . ¢« ¢« v v v o v v v ¢ o o o o 4 e e e e e 173
DISPPR « v v ¢« v v v ¢ o ¢ 6 o o o o o o o o & 170
DMATRX . v v v v v v v v s v e e e e e e e e e e 414
DPRINT . v v v v ¢ v v v 6 o v o e o o v o o o o 47
8 340
EIG s e e e e e b e e e e e s e e e e e e 132
EIGS e e e e e e e s e e e e e s e e e e e e 131
EIGPPR . ¢« ¢ v ¢ v v ¢ v v v v o v v o e v e e e 171
EIG] e e e e e e e e e e e e e e e e e e e 127
ELEM S 198
ELMAT . v v v v v o v 6 v e v e e e e e e e e e h73
ELPLUG . + « v v v v ¢ ¢ o o v o o o v o« o« o o o s 243
ELPRT . . v ¢ ¢ v v v v v v v v v e e e e e e e L6y
ELREAD . « v v v v v v v v v v e e e e e e e e e 160
ELTEST + o v ¢ ¢ v v v v o o 6 o 6 v v« 4 o o o o 259
EPRINT . & v v v v o v e v o v e e e e e e e e e 157
EPRT s x e s s e e s e e v e e e e e e e e e e 370
ERIC e e e e e e e e e e e e e e e e e 436
EXPCOL + v v v v v v v v 6 e o s e e e e e e e e 377
EXPSIX . v v v ¢ v v e v e e e e e e e e e e e e 378
FBMPI8 . & v v v vt e e e e e e e e e e e e e 455
FCURL v & v v v v v v v e v e e e v e v e e e e 416
FELEM . o ¢ ¢ v v v« v o v o o o v v e e e e e 239
FFI0D « ¢« v v v v v v e e v e e e e e e e e e e 331
FGRLDS .« & v v v v v v v v e e e e e e e e e e e 202
N ) 2 458
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Subroutine

FJAB

FLOADS .

FMAT
FORCE

FORCEL .
FORCE? .

FORMIN
FRED
FREEUP
FTELQ
FTR

P

F5

Fo
F6211
F6219
F89
GAMMAT
GPRINT
GPRNT1
IDNTC
IDNTR
IFAC
INCRE

INDECK .

ININT
INPUT
INSTO4
INSTO5
INST43

INST60 .

KMPY

KOBLIQ .

LAG
LATCH
LOC
LOGFLO
MAB
MABC
MATB
MATCH

MATIG6O .
MATI70 .

MATFR

MATPRT .
MATSUP .

MINV
MPRD
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Page No.

325
230
204
151
153
155
216
191
162
448
231
408
4c9
410
327
326
330
415
165
166
126
125
324
311
184
235
187
114
116
118
120
435
445
201
218
258
179
252
265
256
199
2717
294
341
172
122
249
317
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3 Subroutine Page No.
3 8B - X

? MSTR e e e e e e e e e e e e e e e e e e 405

MULTF e e e e e e e e
NEWFT . 0 0 0 L s e e e e e e e e e e e e e e 28T
MEWFTL o 0 0 v v v v e e e e e e e e e . 313
NTEST . . . . . . ... N &
5 O B Y+
OPEN  © v v v v e e e e e e e e e e e e e e 226
OUTTHT o v v v v v v e v e e e e e e e e . 228
OUTMAT v v v v v v v v e e e e e e e e e e e e . hB6
PDISP v v v v e e e e e e e e e e e e e 22
PEFTS L 0 L 0 0 o s e e e e e e e e e e e e e 365
PEFVL v v v v v e e e e e e e e e e e e e e . 367
PFMASS & v v v v v e e e e e e e e e e e e ... 336
PRMTS . v v v v e e e e e e e e e e e e e .. 352
PPMVL v v v v e v e e e e e e e e e e oo 3B
PP P {9~
PHASEL v v v v v v e e e e e e e e e e e e e e . 213
PHASED v v v v v e e e e e e e e e e e e e s e s 222
PXF O 151
PKM DR 1Y -
PLASZD + v v v v v e e e e e e e e e e e e e e 3T
P 1 I
PLUGL v 4 v v e e e e e e e e e e e e e e .. 260
PLUGLY . v v v v v e e e e e e e e e e e e e e
PLUGLT '+ v v v v v v e e e e e e e e e e e e oo 3T
PLUGIB v v v v v v e e e e e e e e e e e e e o .. M5O
PLUG2 v v v v e v e e e e e e e e e e e e e . 332
PLUG22 » v v v v v v e e e e e e e e e e e o oL B
PLUGS v v v e v e e e e e e e e e e e e e e . b
PLUGE v v v v e e e e e e e e e e e e e 3T
PLUGT v v v v e e e e e e e e e e e e e o o309
PLUGS . v . . . e e e e e e e e e e e e ... B2g
PLEPRT ., . . . . . . . . . . . ... e e e 400
PMUMASS . . . . . s e e e e e e e e e e e e e w335
PHCINE . . v v v v v e e e e e e e e e e e oo . 368
PUGLIE . . . v v v v e e e e e e e e e e e e e e 369
2070 173
PRIITS v v v v e e e e e e e e e e e e e e o 20
PRTL . v v e e e e e e e e e e e e e e ... 288
PSTF v v v e e e e e e e e e e e e e e oo 383

Pt -~
Foid s e s e e ¢ & & & & s« e & e ¢ e & e & e e o 0

. 35
PTEF e e e e e e e e e e e e e e e e e e e e 372

s A 1.1
PTFGT . v v v e e e e e e e e e e e e e e e 387
7 J R 1 1

IPRTA v v e e e e e e e e e e e e e e e e e e 2T
PILPRT © v v v o v e e e s e e e e e e e e .. h2m
ST7TISM v v v v e e e e e e e e e e e u e o ..  hug
3 ¥
PEHAIT . 0 e e e e e e e e e e e e e e e e o h2g
QUALT v v v e e e e e e e e e e e e e s B
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Subroutine Page No.

REACTP . v v v v v v v v e e e e e e e e 169
REC1 e e e e e e e e e e e e e e e e e 177
REC3 ot e e e e e e e e e e e e e e e e e 246
RECH e e e e e e e e e e e e e e e e e 247
REFORM . © ¢ v v v ¢ v v v v v e e e e e e e e 211
REGEZ  « v v ¢ v v e e e e e e e e e e e e e e 129
ROMBER . « v v v v v v v v e e e e e e e e o7
SCRLM v v v v v v v e e e e e e v e e e e e e h1s
SELQ e e e e e e e e e e e e e e e e e i
S 210
SOLVE v v v v e e e e e e e e e e e e e e e 1y
SOUISH « v v o o o v o v o o o o o 4 o 4 e e 4 241
STRESS « v v v e v v v e e e e e e e e e e e e, 14¢
STRESL « v v ¢« v s o o o o o o o o o o e 0 e u 147
STRES2 v« v v v v v vt e e e e e e e e e e e 145
STRPRT + « v ¢ ¢ o o o o o o o v o o o o v e W . 159
SUBINT « ¢ v ¢ ¢ o v v o o o o o o o o o o« o o & #31
SYMPRT « ¢ v o« o o o v o o« o o v o o v v v o 257
TESTT ¢ ¢ ¢ o o o o« o o o o o « o o 2 e ee 380
TFPPRT + v v v v v v e e e e e e e e e e e e 387

TFSPRT ¢« « « o « « « 2197
TRTPRT « « « + v o « & 33
TILPRT . . . ?,\
TIKPRT . . . 2R
TIMPRT . . . 33
TISPRT » .« « « « v « o« 7
TPRD e e e e e e e e 3
TRAIC . . « « « + « .+ 2

TRALIE .

TRAIFP . . . . « o o« o o . 000
TRAIFS . « ¢ o ¢ o o v v v e e e e e
TRAIFT . .

TRAIK . ,

TRAIM

TRAIS .

TRAIST .

TRAITE . . . . « + . . .

TRCPRT . . . . . . . . .

TRIEST . . « . « « v « .+ o ..

TSTPRT . . « « « « « « o« « « .

TSUM e e e e e e e e e e e e e e e e e e
TSYS e e e s e e e e e e e e e e e e e e e 232
TTSPRT « + « v v s v v o v o v e e e e e e e 3953
uso4 e e e e e e e e e e e e e e e e e e 174
USOUA  « v v v v v v v e e e e e e e e e e e 121
USOUB & v v v v v v v e e e e e e e e e e e e 233
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i. Subrcutine Name: AGENDM

2. Purpose: To locate in the Agendum library the abstraction
instructions specified by the user on the $1INSTRUCTION control
card in MAGIC.

3. Equations and Procedures: The name of the desired Agendum
on the $INSTRUCTION card 1s passed to AGENDM by INST. The
specified name is compared against all available agendum
names in the TYPE array. If the specified option is a valid
name then the agendum library is searched until the correct
abstraction irstruction sequence is found, if it 1s not found
an error occurs. If it is found then N’IT 1s redefined to be
NSETA and control is passed to INST.

y, Input Arguments:

OPTION

agendum name on $INSTRUCTION card

LENOP - length of agendum name on $INSTRUCTION card
NPIT - logical unit number defining system card reader
NSETA - logical unit number de’ining data set of
agendum library
WORK - work storage
5. Output Arguments: None
6. Error Returns:
ERROR ~ TRUE, if the option specified on the $INSTRUCTION
card is unavailable or unrecognizable.
7. Calling Sequence:

AGENDM(OPTION,LENOP,NPIT,NSETA,WORK,ERROR)
8. Input Tapes:
NSETA - agendum library
9, Output Tapes: None
10. Scratch Tapes: None
11. Storage Required:
Total storage required is MD416 Bytes.
12. Subroutine User: INST
13. Subroutine Required: PUTL?2
14, Remarks: MAGIC
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Subroutine Name: INST04

Purpose: Ta analyze the GPRINT instruction which is of

the form:

GPRINT(NPRT,EZERO,RCWL,COL1.COL2.COL3. ... .COL12,
TSYS,TR)XX1,XX2

Bquations and Procedures: This subroutine uses the same

procedure as all the other MAGIC speclal instruction analyzers.
The card image with blanks suppressed and starting one cclumn
to the rizht of the first ( is broken in 3 groups. The first
group is checked for the 2 fields defined by scalars.

rileld Checked For
( , Scalar
s R Scalar
s s Scalar

liext a check 1s made for the 12 column labels. These labels
are positional and may be suppressed. After the labels have
been Jeterminecd, the third group is checked for matrix names.
Two, three, or four matrices may be specified depending on use.

riela Checked for
end of labels , Matrix Name

s ) Matrix liame

) s Mateix Name

s L-blank Matrix MName
Each field 1s checked in turn and detection of an error
results In an error return. If ithe card image for the
instruction is syntactically correct, information required
for executlon 1s written on ftape. Control is returned to
1ST.

Input Arguments:

LPREP - output tape ruumber

HOPC - opcode of instruction (04)

ISTHO - statement number of instruction

CARD - card image (starting in cclumn to right of
first (, blanks supnressed)

LOnBLn - number of non-blank characters on card

1.4
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11.

12.

1,

Output Arguments:

NUMIN - number of inpdt matrices
ERROR - error coutrol
Error Returns: Logical variable ERROR is set to .TRUE.

if an error is detected and control returns to INST. Additional
diagncstics are printed for illegal values of parameters,
invalid specification of matrices and 1llegal specification

of column headers.

Calling Sequence:

Call INSTO4(MNPREP,NOPC,INSTNO,CARD,NONBLK,NUMIN,ERROR)

Input Tapes: None
Output Tapes: NPREP
Scraten Tapes: Mone

Storage Required:

SYMBOL(2)
TYMBOL(4)

u8816 Bytes

Subroutine User: INST
Subroutine Required: IN3TFP, PUTL3, PUTLY4
Remarks: This is a special instruction analyzer.
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Subroutine Name: INSTO0S
Purpose: To analyze the EPRINT instruction which is of
the form:

EPRINT(N,EZERO,NAMIN1)NAMIN2

Equations and Procedures: This subroutine uses the same
procedure as all the other MAGIC instructlion analyzers. The
card image with blanks suppressed and starting one column

to the right of the first { is broken into 4 fields as
édefined within successive delimiters.

Field Defined By Checked For

s Integer Scalar
s Real Scalar
) Matrix Name
A~blank Matrix Name

> » ~

Each fileld is examined and checked in turn. Detection of

an error results in an error return. If the card image for
the instruction is syntactically correct, infcraatlion required
for execution is written on tape and contrel 1s returned

to INST.

Input Arguments:

NPREP - output tape number

NOPC -~ opcode of instruction (05)

INSTNO - statement number of instruction

CARD - card image (starting in column to right of
first (, blanks suppressed)

NONBLK - number of non-blank characters on card.

Output Arguments:

NUMIN - number of input matrices
ERROR - error control
Error Returns: The logical variable ERROR 1s set to .TRUE.

if an error is detected and contr2l returns to INST. Additional
diagnostics and warnings are printed for invaiid values of
parameters and illegal suppression of parameters.

Calling Sequencs:

Call INST25(NPREP,NOPC,INSTNO,CARD,NONBLK,NUMIN,ERROR)

Input Tapes: Norne

Qutput Tapes: NPREP
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Scratch Tapes: None
Storage Required:

SYMBOL (4)

Total Storage is 6D816 Bytes.
Subroutine User: INST
Subroutine Required:

INSTFP

PUTL3

PUTL4

Remarks: This is a special instruction analyzer.
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Subreutine Name: INST43
Purpose: To analyze the .DEJOIN. 1nstruction.
Al,A2 = B.DEJOIN.{C(I,J),KODE)

Al,A2 B.DEJO1IN. (K,KQODE)

Equations and Procedures: This subroutine uses the same
procedure as all the other analyzers in MAGIC. The card
image with blanks sup,.ressed and starting in column 7 is
broken into 6 fields as defined within successive delimiters.

rleld Defined By Checked For

s Matrix Name

= Matrix Name

Matrix Name

Not Checked

Not Checked

Checked For Matrix Name
and 3 Scalars or 2 3calars

Column 7

~O0 O e
~ O

Each fileld is examined and checked in turn. Detection of

an error resuits in an error return. If the card image for
the instruction is symtactically correct, information
required for execution of the instruction is written on tape
and control 1s returned to INST.

Input Arguments:

NPREP - output tape number

NOPC - opcode of instruction (43)

ISTHO - statement number of instruction

CARD - card image (starting in column 7, blanks suppressed)
NONBLK - number of non-blank characters in card

Output Arguments:

NUMOT - number cof output matrices

NUMIN - nurber of input matrices

NUMSC - number of scalars

ERROR - error control

Error Returns: Logical variable ERROR 1i: set to .TRUE.

if an error 1is detected in this routine and a return is made
to INST. Additlonal messages are printed out for invalid
matrix names and invalid indices.

Cailing Seguence:

Call INSTL3(NPREP,NOPC,ISTNO,CARD,NONBLK,NUMOT ,NUMIN,NUMSC,
ERROR
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8. Input Tapes: None

9. Output Tapes: NPREFP

10. Scratch Tapes: None
11. Storage Required:
MATRIX(7,4)

SYMBOL(6)
INDEX(3)

Total Storage is A58l6 Bytes.

12. Subroutine Ussr: INST
13. Subroutine Required: PUTL3, PUTLY

14. Remarks: This 1s an arithmetic type instruction analyzer.
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Subrputine Name: INST60

Purpose: To analyze Instructions of the form
(+)NAMOUT = +NAMIN1, +NAMIN2.CPCODE.(NPRT,EZERO)
.FORCE. and .STRESS. are presen%ly of this form.
Equaticns and Procecures: The subroutine uses the samre
proceduire as all other analyzers in MAGIC. The card 1lmage

with blanks suppressed, and starting at column 7 1s broken
into 7 filelds us defined inslde successive delimiters.

rield Checked For

Matrix Name
2 ommm———— R Matrix Name
Matrix Name
Not Checked
Not Checked
Integer

Real Number

)
o
[}
<
3
=

1 -3

5
{
t
t
t
it

v e o 0w
R Y .

Each fleld 1s examined and checked in turn. Detectlon of

an error results in an error return. If the card image for
tne instructicen is syntactically correct, Information required
for execution is wrltten on tape. Control is returned to
INST.

Input Arguments:

PREP - output tape number

WOPC - opcode of instruction (61 or 62)

ISTNO - statement number on instruction

CARD - card image (starcing in column 7, blanks suppressed)
NONBLK - number of non-blank characters in card

Cutput Arguments:

NUMOT - number of output matrices

NUMIN - number of input matrices

NUMSC - number of scalars

ERROR - error control

Error Returns: Logical variable ERROR 1s set to .TRUE. if

an error is detected in this routine and control returns to
INST. Additional messages printed out for illegal values of
scalars NPRT and EZERO.
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é 7. Calling Sequence:

?ﬁ Call INST60(NPREP,NOPC,ISTNO,CARD,NONBLK,NUMOT,NUMIN,NUMSC,
,; ; ERROR) )
& 8. Inpu{ Tapes: None

%‘ 9 Output Tapes: NPREP

i' 10. Scratch Tapes: None

iy 11, Storage Required:k

% MATRIX(7,3)

; SYMBOL(7)

E Total Storage 1is 7Au16 Bytes.

12. Subroutine User: INST
13. Subroutine Required:
PUTL3
PUTLY
INSTFP

14. Remarks: This 1s an arithmetic type instruction anaivzer.
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Subroutine Name: MATSUP

Purpose: Insert suppressed input matrix names into the
Format System

Equations and Procedures: Scratch unit NPREP is backspaced
to the beginning of the instruction section.. If scratch
unit NDATA already contains matrices then it is positioned
at the data set trailer; otherwise it is rewound and a data
set header written upon it. Each instruction record is then
read to determine if the ~p-code 1is capable of containing
input suppressed matrices &s indicated in the array LEGAL.
If the operation is capalle of containing suppressed input
matrices then the input matrix names are checked to see if
they contain a slash in the first position. If this is

the case the suppression name is entered as a null matriv
on NDATA, ©NDATA is then returned to the first suppressed
matrix name and re-read so that each added matrix on NDATA
is reccrded on NPREP after the instructions., Control is
then returned to the calling progran.

Input Arguments:

NUMD : Number of matrices or NDATA

NUMSUP : Number of suppressed inpul matrices to bve
added tc NDATA

NDATA ¢ Logical unit containing card input matrices

NPREP : Logical unit containing preprocessor data
NUMI : Number of instructions on NPREP
IWORK : Work storage area

Output Arguments: None

Error Returns: None

Calling Sequence:

(NUMD, NUMSUP, NDATA, NFREP, NUMI, IWORK)

Input Tapes:

NDATA : contains card input matrices, if present

NPREP : contains input abstraction instructions in
coded form

Output Tapes:

NDATA : will contain suppressed input matrices
NPREP : will contain suppressed input matrix names
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10. Scratch Tapes: DNone

11. Storage Required: Total storage is

12, Subroutine User: PREP
13. Subroutines Required: None

14, Remarks: Norne
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Subroutine MName: TSUM

Purpose: To generate a summary of th.i matrices on a
format tape 1if EUTL3 cannot find a matrix on the specified
tape.

Equations and Procedures: The data set header and modifier
are printed out. Then each matrix header 1s printed cu.ut
giving the matrix vame, the sign or the matrix and the row
and column dimcnsion of the matrix. A record count is ailso
provided so the number of columns in a matrix can be
calculated.

Input Arguments:

NSET = The loglical unit number of the format tape
to be summarized

Output Arguments: None

Error Returmns: None

Calling Sequence: TSUM(NSET)
Input Tapes: NSET

Output Tapes: None

Scratch Tapes: llone

Storage Required Total Storage required is 56016 Bytes.

Subroutine User: EUTL3
Subroutine Required: None
Remarks: None
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Subroutlne Name: IDNTR

Purpose: To form an 3<4entity matrix of “he same order as
the row dimension of the input matrix. .

Equatlions and Procedures: The input matrix is located by
EUTL3 and an identity matrix is formed. The order of the
identity matrix 1s the same as the row dimension of the
input matrix.

Input Arguments:

NUMOT - the number c¢f output mi: rices

OUTPUT - array contalning the namnes of the output matrices
IOSPEC - array containing output data set numbers

NUMIN - the number of lnput matrices

INPUT - array containing the names of the input matrices
INSPEC - array containing input data set numbers

NUMSR - the number of scratch data sets

ISSPEC - array containing scratch data set numbers

NUMSC - the number of input scalars

SCALAR - array containing the input scalars

IERROR - error return code °

NWORKR - the: number of words of avallable work storage
WORKR - working storage arrav

Output Arguments: None

Error Returns: IERROR = 11, if the input matrix cannot
te found.

Calling Sequence:

IDNTR(NUMOT ,GUTPUT,IOSPEC,NUMIN,INPUT,INSPEC,NUMSR,ISSPEC,
NUMSC,SCALAR, IERROR, NWORKR ,WORKR)

Input Tapes: INSPEC

Output Tapes: IOSPEC

Scrafch Tapes: None

Storage Required Total Storage required 1s 50El6 Bytes.
Subroutine User: EXEQ

Subroutine Required: EUTL3, EUTLS, EUTL6

Remarks: A = B, IDENTR.
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7.

Subrcutine Name: IDNTC

Purpose: To form an identity matrix of the same order
as the column dimension of the input matrix.

Equatlons and Procedures: The input matrix 1is located

by EUTL3 and an identity matrix 1s generated. The »rder
of the ldentity matrix ls the same as the column dime: :’on
of the input matrix.

Input Arguments:

HUMOT - the number of output matrices

ouUTPUT - array containing the names of the output matrices
IOSPEC - array containing output data set numbers

HUMIL - the number of input matrices

LNPUT - array containing the names of the input matrices
THEPEC - array containing input data set numbers

1UMSR - the number cf scratch data sets

ISSPEC - array containing scratch data set numbers

LUMSC - the number of input scalars

SCALAR - array containing the input scalars

TERROR - errsr return code

NWORKR - the number of words of avallable work storage
HORKR - working storage array

Qutput Arguments: lNone

Error Return: IERROR = 11, if the input matrix cannot be
founa.

Calling Sequence:

IDNTC(NUMOT,OUTPUT,IOSPEC,NUMIN, IIiPUT, IIISPEC, NUMSR ,ISSPEC,
1iUMSC ,SCALAR, IERROR, IWORKR , WIORKR)

Irput Tapes: IHSPEC
OQutput Tapes: IOSPEC
Scraten Tapes: Nore

Storage Required: Total Storage required is 50316 Bytes.
Subroutine User: EXEQ
Cuorcutine Required: EUTL3, EUTLS, EUTL6

Remarks: A = B.IDENLTC.
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Subroutine Name: EIG1

Purpose: To create dynamic storage for elgenvalue
and eigenvector calculations and locate input matrix.

Equations and Procedures:

1) Hynamic storage is allocated.

2) RL3E2 is zalled to transfer matrix to scratch tape.

3) EIGB is called to iteration on a matrix.

) Storage required is 5 vectors of equal length
{order of matrix).

5) If the NWORK storage is toou small for this, an
error message is printed out.

6) If the eigenmatrix cannot be located, another error
message 1is written.

lnput Arguments:

NMOUT ~ the number of output matricer

NAMOT ~ array containing the names of thes output
matrices

I0DS - array ccntaining output data set numbers

NMIN - the number of input matrices

INPT - array containing the names of the input
matrices

INSP ~ array containing input data set numbers

NSCR - the number of scratch data sets

ISSP - array containing scratch data set numbers

NMSCL ~ the number of input scalars

NAMSC ~ array containing the input scalars

ERR - - error return code

NWKR - the number of words of available work storage

WKR ~ working storage array

Output Arguments: ERR
Error Returns:
ERR = true if input matrix can't be found
= true if not enough storage to calculate eigenvalue
and vector.

Calling Sequence:

Call EIG1(NMOUT,NAMOT,IODS,NMIN,INPT,INSP,NSCR,ISSP,
NMSCL ,NAMSC, ERR, NWKR , WKR)

Input Tapes: INSP

Output Tapes: I0DS, NPOT
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11'

12.

13.

14,

Scratch Tapes: ISSP (U4 scratch tapes

Storage Required:

Total Storage Required 1s A3C16 Bytes.
Subroutine User: EXEQ

Subroutines Required:

REGE?2

EIGB

EUTL3

Remarks:
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1. Subroutine Name: REGEZ2

2. Purpose: This routine takes ccmpressed (Format) Eigen-
matrix and transfers it (exponded) to a scratch data set.
Storage on the scratch data set 1is optimized by placing
as many columns into a record (which has NLEFT words
max) as possible.

I 3. Equations and Procedures:

1) Compute number of columns/NLEFT recorc = NCR:
maximum NCOL records.
o 2) Compute ruumber of columns in last record = NER
F 3) Compute total number of :ecords = NR
: a) Number of full records NFR
) Number of columns in liast record NRR
) Read compressed matrix from I13 expand column
using EUTLY9. Provide fcr suppressed column.
5) Take care of full records first.
6) Next write final clean-up record containing
remaining matrix columns.

Lz N X
— e

L, Input Arguments:

I12 - data set to which eigen-matrix is transferred
I13 - data set with compressed (Format) eigen-matrix
ARRAY - work stcrage
DARRAY - work storage
NCOL - order of matrix
NR ~ f{otal number of records on scratch data setv
NLEFT ~ paximum record length

5. Ovtput Arguments: None

6. Error Returns: None

1. Calling Sequence:
Call REGE2(I12,I13,ARRAY,DARRAY,NCOI ,NR,NLEFT)

", 8. Input Tapes: Il13 contains original format compressed
- eigenmatrix.

9. Output Tanes: I12 contains expanded eigenmatrix each
record is up to "NLEFT" words and contains an integer
number of matrix columns/record.

10. Scratch Tapes: None

1l. Storage Required:
Total Storage required is 6Du16 Bytes.
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Subroutine User:
EICl

Subroutine Required:
EUTLQ

Remarks:
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Subroutine Name: EIGB

Purpose: Control iteration routine EIG. Writes
elgenvalue, eigenvector matrices on tape.

Equations and Procedures:

1) Write out controls used in iteration:
NE - number of elgenvalues requested Defaults are
IFLAG -~ row or column iteration NOIT = 500
NOIT - number of iterations per CRIT .001
criteria update
CRIT - convergence criteria
Locate and expand input vecotrs using EUTL3
Call routine EIG
Print cut frequency in CPS and radians/se~ and
the normalized eigenvector
If output vecotrs are requested write them on an
output tape when vectors are written.

L0 N
~ e

(8]
~r

Input Arguments: See calling sequence.

Output Arguments: None

Error Returns:

Calling Sequence:

Call EIGB(NE,IBEG,IEND,WKR(N1),WKR(N5),WKR(N3),WKR(NY),
WKR(N2) ,NMDB,NEIGL ,NEIGV,NAMOT ,NMOUT,WKR(N3),
WKR(NY4) ,NSAVE,INVEC,INPT,NMIN,ERR,IFLAG,NOIT,
NRIT,NVECT,NR,NLEFT)

Input Tapes:

Output Tapes: NSAVE, MNVECT, NPOT, NEIGL, O

Scratch Tapes: NSKRAT

Stcrage Required:
Total Storage required is 188216 Bytes.

Subroutine User: EIGl
Subroutines Required: EUTL3, EIG, EUTLS, EUTL6
Remarks:
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3 1. Subroutine Name: EIG

2. Purpose: This routine computes only one eigenvalue and
4 vector for each call from EIGB.
3 3. Equations and Procedures:
3 1) Power method iteration with hotteling deflation to

remove dominant root.

% 2) Iterate on column vector, get vector and value.

g 3) If another value is desired, iterate on row vector

A and value.

2 4) Use row and column vectors to deflate matrix.

{ 5) Use deflate matrix when iterating for next column

g vector

3 6) If the convergence must be updated (CRITZ = CRITZ+CRIT)

. 7) Return to routine EIGB.

9 b, Input Arguments:

b

- N - order of characteristic matrix

e IFRINT - = 0 no iteration print; = 1 print iterations

L NEIG - = always = 1

3 CRIT - convergence criterila

3 NOIT - number of iteratlions

. IBEG - location (unit) of col (characteristic)

E vector matrix

3 IBEND - unit on which deflated matrix 1is placed

'; 5. Output Arguments:

> ROOTS - returned eigenvalue

. XIN - returned eigenvector

% NERR -~ error indicator = 0 no error;=1 col do not converge
. ICOUNT - = 1 if value converged =2 row does not converge
E IFLAG - = both input and output =3 row root #¥ col root
3 =4 machine or input error
e = 0 go directly to col

—f iteration

ks = 1 continue row iteration

k- indicates row iteration

falled previously and
criteria has been increased

DDA W

GRS
()
.

Error Returns:

NERR = 1 no error; = 2 eigencols do not converge;

=3 eigenrows do not converge; = U4 row roct not equal to

k- col. root; = 5 no nonzerc element in (col); = 6 no non-

: zero element in row; = 7 scalar product of row and column
vectors = zero.

ey 2R

3 132

e




11.

l2o
130
14.

Calling Sequence:

Call EIG(N,IPRINT,NEIG,RO0OTS,XIN,NERR,CRIT,NOIT,ICOUNT,
IBEG,IEND,A,XI,SIMIN,XINP,NMDB,XIP,XIMINP,NE,
TFLAG ,NUMR,NLEFT ,NOFF,NTR

Inpu es:

Outpu sapes:

Seratch Tapes:

IBEG - initial (A) matrix location ot

IEND - location of swept (A) matrix after 1° elgenvalue
is found. This unit then becomes the input for
calculating the next eigenvalue and IBEG will
recelve the resulting swept matrix.

Storage Required:
Total Storage required is lBO616 Bytes.

Subroutine User: EIGB
Subroutines Required: None

Remarks:



12.
13.
14,

Subroutine Name: COLREP

Purpose: To generate a matrix by repeating the first
input column matrix K number of times where K is the column
dimension ot the second input matrix.

Equations and Procedures: The second input matrix is
located and its column dimension, NCOL, is noted. The
first input matrix is located and stored in ccre and “ts
row dimension, IROW, 1is noted. A matrix header for che
output matrix of order IROW by NCOL is written. The input
column is repeated NCOL times and the matrix trailer for
the output matrix 1is written.

Input Arguments:

NUMOT - the number of output matrices

NAMIO - array containing the names of the output matrices
IOSPEC - array containing output data set numbers

NUMIN - the rnumber of input matrices

NAMIN - array contalning the names of the input matrices
INSPEC - array containing input data set numbers

NUMSR - the number of scratch data sets

ISSPEC ~ array containing scratch data set numbers

NUMSC - the number of input scalars

SCALAR ~ array containing the input scalars

IERROR - error return code

NWORK ~ the number of words o¢f available work storage
VWORK working stcrage array

Output Arguments: IERROR - error flag.
Error Returns:

IERROR 11, if first input matrix can't be found
12, if second input matrix can't be found

21, if output matrix can't be generated

Calling Seguence:

COLREP (UMOCT , NAMIO, IOSPEC , HUMIN,NAMIN , INSPEC ,NUMSR, ISSPEC,
NUMSC,SCALAR, IERROR, NWORK , WORK )

Input Tapes: INSPEC
Qutput Tapes: IOSPEC

Scratch Tapes: None

Storage Required: Total Storage required is 5““16 Bytes.
Subroutine iser: EXEQ

Subroutine Required: EUTL3, EUTL5, EUTL6

Remarks: A = P.COLREP.C
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8.

9.

10.
11.
12.
13.
14.

Subroutine Name: NULL
Purpose: To generate a null matrix of order n x m.
Equations anu Procedures: The first input matrix is

located and the row dimension of this matrix is saved in
KROW. The second input matrix 1s located and the column
dimension of this matrix is saved in KCOL. Then a matrix
header and trailer 1s written. The dimension of the out-
put matrix is KROW x KCOL.

Input Arguments:

NUMOT - the number of output matrices

NAMIO - array containing the names of the output matrices
IOSPEC - array containing output data set numbers

NUMIN - the number of inp t matrices

NAMIN - array containing the names of the input matrices
INSPEC - array containing input data set numbers

NUMSR - the number of scratch data sets

ISSPEC - array containing scratch data set numbers

NUMSC - the number of input scalars

SCALAR - array containing the input scalars

IERROR - error return code

NVIORK - the number of words of avallable work storege
WORK - working storage array

Output Arguments: IERROR - error flag

Error Returns:

IERROR 11, if first input matrix can't be found

12, if second input matrix can't be found

Calling Sequence:

NULL (NUMOT ,NAMIO,IOSPEC,NUMIN,HAMIN,I!SPEC,!IUMSR,ISSPEC,
NUMSC,SCALAR, IERROR,NWORK,¥WORK)

Input Tapes: INSPEC
Output Tapes: IOSPEC
Scratch Tapes: None

Storage Regquired: Total Storage required ics HBA16 Bytes.

Subroutine User: EXEQ
Subroutine Requilred: EUTL3, EUTL%, EUTL6
Remarks: A = B.HIIULL.C




1. Subroutine Name: DEJOIN

2. Purpose: This routine is the controlling routine to
provide matrlx column or row partitioning.

3. Equations and Procedures: First, the input and output
data sets are defined. Next a check is made to determine
if the input data set 1s the same as either output data
set. If either or both of the output data sets are the
same, the output data set 1s redefined as a unique scratch
data set. Now a test is made tc determine if the partition
numver was input or if it must be found. If 1t was not
input then EUTL7 extracts the partitioning scalar. Now a
test of whether a column or a row DEJOIN 1s desired is
performed. If it 1s a column DEJOIN, subroutine DEJNC
is called. If it is a row DEJOIN, subroutine DEJNR 1is
called. If either or both output data sets are different
from the originally allocated output dacta sets, a copy of
the output data set is made onto the originally allocated
data set by a call to EUTL4.

4. Input Arguments:
NUMOT - the number of output matrices
NAMIO - array containing the names of the output matrices
IOSPEC - array containing output data set numbers
NUMIN - the number of input matrices
NAMIN - array 2ontaining the names of the input matrices
INSPEC - array containing input data set numbers
NUMSR - the number of scratch data sets
ISSPEC - array containing scratch data set numbers
NUMSC - the number of input scalars
ISCALE - array containing the input scalars
IERROR - error return code
NWORK - the number of wnrds of avalilable work storage
VIORK - working storage array

5. Quvtput Arguments: IERROR - error flag

6. Error Returns: An error condition occurs when a matrix §
cannot be located, the subscripts used to extract the
partition number exceed the dimension 1limit, or when the

partition number is invalid.
7. Calling Sequence:

DEJOIN(NUMOT,liAMIC,IOSPEC, NUMIN, NAMIN,INSPEC ,NUMSR,ISSPEC,
NUMSC,ISCALE ,IERROR,NWORK,WORK)

8. Input Tapes: Orie or %wc input data sets in the INSPEC
array.

136




Output Tapes: Two output data sets in the IOSPEC array.
Scratch Tapes: Two scratch data sets in the ISSPEC array.
Storage Requlred: Total Storage required is 91816 Bytes.
Subroutine User: ZXEQ

Subroutine Required:

EUTL1

EUTL3 '

EUTLT

DEJNC

DEJNR

EUTL4

Remarks: A,B = C.DEJOIN.(d,e)
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Subroutine Name: DEJNR

Purpose: This routine row particions a matrix at a
specified row.

Equations and Procedures: First the partition number
1s tested against the row dimension of the matrix to be
partitioned if it 1s greater than the number of rows an
error occurs. If 1t 1s less than or equal to the row
dimension then the input matrix A is partioned to form
two output matrices Cl on C2.

A(MXN) = C1(J-1 x n), C2(m-J+1 x n) where 1 < J <m

Irpul @ -°guments:

NAME - the names of the output matrices

NSET - the data set number of the input matrix to be
partitloned

NSET1 - the data set number of the first output matrix

NSET?2 - the data set number of the second output matrix

JPART - the row number at which the input matrix is to
be partitioned

IROW - the row dimension of the input matrix

1COL - the column dimenslion of the input matrix

NWORK - the number of words of available working storage

WORK - working storage array

ERROR - error flag.
Output Arguments: ERROR

Error Returns: An error condition occurs when JPART
is greater than the row dimension of the input matrix.

Calling Sequence:

DECNR(NAME,NSET,NSET1,NSET2,JPART, IROV , ICOL , NWORK , WORK,
ERROR)

Input Tapes: NSET

Output Tapes: NSET1, NSET?2

Scratch Tapes: None

Storage Required: Total Storage required is 5F616 Bytes.
Subroutine User: DEJOIN

Subroutine Required: EUTLS5, EUTLY9, EUTL8, EUTL6

Remarks: None
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9.

10.
11.
12.
13.
14,

Subroutine Name: DEJNC

Purpose: This routlae ceciumn partitlions a matrix at a
specified column.

Equations and Procedures: First the partition number is
tested agalinst the column dimension of the matrix to be
partitioned. If 1t 1s greater than the number of columns
an error occurs. If 1t is less than or equail to the column
dimension the input matrix A is partitioned to form two
output matrices Cl and C2.

A(Man; = C1(M x J-1), Cz(m x n-J+1) where 1 < J < n
Input Arguments:

NAME
NSET

the names of the output matrices

the data set number of the input matrix to

be partitionec

NSET1 ~ the data set number of the first output matrix

NSET?2 - the data set number of the second output macrix

JPART - the column number at which the input matrix is
to be partitioned

IROW - the row dimension of the input matrix

ICOL - the column dimension of the input matrix

liIWORK -~ the number of words of avallable working storage

WORK - vworking stcrage array :

ERROR - error flag

Output Arguments: ERROR

Error Returns: An error ccndition occurs when JPART is

greater than the column dimension of the input matrix.
Calling Sequence:
DEJNC (NAME, NSET,NSET1,NSET2,JPART ,IROV, ICOL ,NWORK,VORK,

ERROR)
Irput Tapes: HSET
Output Tapes: NSET1, NSET&
Scratch Tapes: None

3torage Required: Total Storage required is 63816 Bytes.
Subroutine User: DEJOIN
Subroutine Required: EUTLS, EUTL6

Remarks: None
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Subroutine Name: ASSEM

Furpose: To assemble the element matrices generated
by the USERO4 module.

Equations and Procedures: The matrix containing the system
constants is found to generate the value NSYS. The assembled
matrices will be of order NSY¥S, that 1s, they wlll not be
reduced. Next, the varlable ITYPE is tested to see what

type of matrices are to be assembled. Depending on the

value of ITYPE control 1s transferred to either ASSEMC or
ASSEMS to assemble and write the matrices

ITYPE = 1, for element stiffness assembly

2, for element mass assembly

3, for element incremental assembly
4L, for element applied load assembly.

i)

Input Arguments:

NUMOT - the number of output matrices

NAMIO - array containing the names of the output matrices
IOSPEC - array containing output data set numbers

NUMIN - the number of input matrices

NAMIN - array containing the names of the input matrices
INSPEC - array containing input data set numbers

NUMSR - the number of scratch data sets

ISSPEC - array containing scratch data set numbers

NUMSC - the number of input scalars

ISCALE - array containing the input scalars

IERROR - error return code

NMWORK - the number of words of available work storage
WORK - working storage array

Output Arguments: None

Error Returns:

IERROR = 21, if the matrix containing the system constants
can't be fcund
= 15, 1f there is not enough wurk storage for the
assembled matrix

Calling Zequence:

ASSEM(NUMOT , NAMIO, IOSPEC, NUMIN ,NAMIN, INSFEC ,NUIMSR, ISSPEC,
NUMSC, ISCALE, IERROR, NWORK , WORK)

Input Tapes: The data set numbers are containea in the
INSPEC array. '
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11.

12,
13,

14,

Output Tapes: The data set numbers are contained in
the IOSPEC array.

Scratch Tapes: The data set numbers are contained in
the ISSPEC array. Thils module uses at most two scratch

tapes.

Storage Required: Total Storage required is 72016 Bytes.

Subroutine User: EXEQ

Subroutine Required:

EUTL3
ASSEMC
ASSEMS

Remarks:

A = B.ASSEM.C,(d)
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1. Subroutine Name: ASSEMC
2. Purpose: To assemble the element applied ioau columng.

3. Equations and Procedures: The tape containing the elem:2at
matrices 1s read and the LISTEL and FTEL arrays are stored for
each element. Using the LISTEL array the FIEL arrays 1is
assembled into a master applied load array. This process
is repeated for each element.

4, Input Arguments:
HSET1 - data set on which the input element matrices
are stored
HSET2 - data set number of output matrix
WAMEL - array containing nane of matrix on NSET1
NANE2 - array containing name of matrix on NSETL
NSYS - order of assembled matrix

LISTEL - storage for the LISTEL array
FTEL - storage for the element applied loads arvay
FCOL - storage for the assembled FTEL
NWORK - rnumber of words of viork storage
WORK - vork storage
IERROR - error return
5. Output Arguments: tione
6. Error Returns:
IERROR 11, if the input matrix can't be found

15, if a valiue of LISTEL 1is greater than NSYS
7. Calling Sequence:

ASSEMC(NSET1,iiAME1,NSET2,VAME2 ,NSYS ,LISTEL,FTEL,FCOL,
NWORK,WORK, LERROR)

8. Input Tapes: HICETL

9. Output Tapes: NSET2

10, Scratch Tapes: None

11. Storage Required: Total Storzge required is 67816 Bytes.
12. Subrcutine User: ASSEM

13. Subroutine Required: EUTL3, EUTL5, EUTL®

14, Remars: licne
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1. Subroutine Name: ASSEMS

2. Purpose: To assemble the element stiffness, element mass
or element incremental matrices as generated by the USEROY
module,

3. Equaticns and Procedures: The matrix containing the input

element matrices is found and depending on what type cf
matrices are to be assembled a different read statement ics
initiated. The LISTEL array and element matrix is then
stored in core. Then usjing LIST processing techniques the
element matrix is assembled 1n core. Only non-zero values
are considered. IJf &ll non-zero values can't fit in core
then the values in core are written or tape .ntil more
elements are assembled ir core. These non-w.x 3 values are
then merged with the ones un tape to produce the output
assembled matrix.

b4, Input Arge'ments:
NSET1 - data set number of tape containing element matrices
NAMIN - array containing name of matrix on IISET1
NSETZ2 - data set num-er of output matriz
NAMOUT - array ccntaining name of output matrix
NS1 - scratch tape 1
NS2 - scratch tape 2
NSYS - ocrder of assembled matriz
NCORE - number of available words of core storage
ITYPE - indicates type of matrices to be assembled
ICOLPT - stcrage needed for assenbly
VALUE - storage needed for assemcly
IERROR - error flag

5. Output Arguments: Hene

6. Error Returns:

IERROR = 11, if the input matrix on HIETI ca2nnot bhe found
[ Calling Sequence:

ASSEMS (NSET1,HAMIN,HNSET?2,AMOUT 1IS1,:IS2,1is 1S, HCORE, ITYPE,
ICOLPT,VALUE, IERROR)

8. Input Tapes: NSET1
9. Ontput Tapes: [ISET2

10. Scratch Tapes: 1iS1, liS2
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Storage Required Total Storage required is 292416 Bytes.
Subroutine User: ASSEM

Subroutine Required:

EUTL3

EUTLS

EUTL6

Remarks: For a more detalled documentation see the
source llsting os subroutine ASSEMS.
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1. Subroutine Name: STRESS

2. Purpose: This 1s the control routine for computing the
net element stress matrix. It also controls the optiocnal
engineering print of apparent element stresses, element
applied stresses and net element stresses.

allocation of the input and output matrices. If both input

b matrices are on the same data set, but not on the data set

g to contaln the output matrix, then one of these input matrices
is copled onto a scratch data set. If both input matrices

are on the same data set as the output matrix, then each

input matrix iIs located and copied onto a scratch Gdata set.
When this has been completed both input matrices are
positioned and the matrix header for the output matrix is
written.

Pointers are next set up indicating positions in the work
area for arrays needed to compute the stresses.

T
): § 3. Equations and Procedures: This module first tests the

,‘ ”
et s okt . e s vee o m

Subroutine STRES1 1s called to read element data and
displacements contained in the input matrices.
b, Input Arguments:
NUMOT - the number of output matrices
NAMIO - array containing the names of the output matrices
IO0OSPEC - array containing output data set numbers
NUMIN - the number of input matrices
NAMIN ‘- array containing the names of the input matrices
INSPEC - array containing input data set numbers
NUMSR - the number of scratch data sets
ISSPEC ~ array contailning scratch data set numbers
NUMSC -~ the number of input scalars
SCALAR - array containing the input scalars
IERROR - error return code
NWORK - the number of words of available work storage
WORK - working stcrage array
; 5. Output Arguments: IERROR
6. Error Returns:
IERROR = 11 or 21, 1f either the first or seccnd input matrix
can't be found by EUTL3

! 7. Calling Sequence:

STRESS(NUMOT ,NAMIO,IOSPEC ,NUMIN,NAMIN,INSPEC,NUMSR,ISSPEC,NUMSC,
SCALAR, IERRCR,NVORK,WORK)

8. Input Tapes: INSPEC
9. Output Tapes: IOSPEC
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Scratch Tapes: ISSPEC

Storage Required Total Storage required is 70"16 Bytes.

“

Subroutine User: EXEQ
Subroutine Required:
EUTL1

EUTL3

EUTL4

EUTLS

STRES1

Remarks: C = A,B.STRESS.(c¢,e)
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1. Subroutine Name: STRES1

X

2. Purpose: This routine reads element data and displacements,
calls STRES2 to calculate the stresses, then writes the net
element stresses for each element.

] oy " " Ny.d y . . .
A GRS TR £ SO R A A+ WAy Fbengs iy W
T L T

3. Equations and Procedures: A test 1is first made to see if
enough work space ls avallable to process all elements
successflly. Then for each element this module:

T

(a) Reads a column of the input matrix containing element
data on NSET1.

(b) Compresses this column, keeping only the element data

s necessary to calculate the stress.

; (e¢) Calls STRES2 to calculate the stresses and print

1 them out.

(d) VWrites the calculated net element stresses on the
output data set. One column is written feor each
element, such that each column contains net stresses

| for each load condition.

4 b, Input Arguments:

2 i NELEM - the number of elements

E ¢ NLOAD - “he number of load conditions

b NMDB - the order of the displacemant array

: & MAXEL - the length of work storage needed to process

K the maximum size element

4 E NL48 - NLOAD#48

; NSET1 - the data set number of the input matrix con-

s taining element data

-8 NSET2 - the data set number of the input matrix con-

B taining the displacements

¢ § NSET3 - the data set number of the output matrix
NAME - the name of the matrix on i.SET?2

: SCALAR an array containing the input scalars
F B MAT - a work array local to STRES1

IPM - a work array local to STRES1
e 3 STRESN - work storage for the net element stresses
e NWORK - the number of words of-available working stcrage

3 WORK - working storage array

IERROR - error return
5. Output Arguments: IERROR - error return
6. Error Returns:

IERROR = 15, if not enough work storage to process ail
elements.
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Calling Sequence:

STRES1(NELEM, NLOAD,NMDB,MAXEL ,NL48 ,NSET1 ,NSET2,NSET3,
NAME, SCALAR,MAT,IPM,STRESN,NWORK,WORK, IERROR)

Input Tapes: NSET1, NSET?2
Output Tapes: NSET3
Scratch Tapes: None

Storage Required: Total Storage required 1is 75Al6 Bytes.
Subroutine User: STRESS

Svbroutine Required:

ELREAD

FREEUP

STRES?2

Remarks: None
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1, Subroutine Name: STRES?2
| 2. Purpose: This routine ralculates the net element stresses
3 for each load condition. Then calls STRPRT to print the
f apparent, applied end net element stresses.
]
3 3. Equations and Procedures: A test 1s first made to see
3 if the dlsplacements for all load conditions can fit in
4 core. If they can, then they are read into core. If the

displacements for all load conditions do not fit into core
then the displacements for each load condition are read
intc core one at a time. For each load condition the net
element stresses are calculated and depending on the cption
specified the apparent, applied or net stresses are printed
for each element.

4, Input Arguments:
- IEL - the element number
» IPL - the element type (new plug number)
X NMDB - the order of the displacement array
2 NLOAD - the number of load conditions
g NRSEL - the order of the element stress array
A NORD - the order of the LISTEL array
d NNO - the order of the NODES array
g NSET?2 - the data set number of the displacement matrix
A INCORE - a logical varlable indicating in 2ll displacements
i are INCORE
g FIRST - a logical variable
[ NAME - the name of the matrix on NSET2
N SCALAR - an array containing the input scalars
‘S LISTEL - & decoding array to go from reduced degrees
. of freedom to system degrees of freedom
4 SEL - the element stress matrix
5 SZALEL - applied element stress matrix
3 NODES - an array containing the element ncde points
¢ STRESN - net element stress matrix
: NWORK - the number of words of avallable working storage
. DISPL - the displacement array
i IERRCR - error return
!
3 5. Qutput Arguments: STRESN, IERROR
3 6. Error Returns:
7 IERROR = 21, if EUTL3 can't find the displacement matrix
i
kS ‘
3
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Caliing Sequence:

STRES2(IEL,IPL,NMdOB,NLOAD,NRSEL,NORD,NNO,NSET2,INCORE,FIRST,
NAME, SCALAR,NSC,LISTEL,NODES,SEL,SZALEL, STRESN,NWORK,
DISPL,IERROR)

input Tapes: NSET2

Output Tapes: None

Scratch Tagpes: None

Storage Required: Total Storage required is 117A16 Bytes.

Subroutine User: STRES1

Subroutine Required:

CGLMRD

EUTL3

STRPRT

Remarks: None
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Subroutine Name: FORCE

Purpose: This is the control routine for computing the
net element force matrix. It also controls the optional
engineering print of apparent element forces, element
applied forces and net element forces.

Equations and Procedures: Thls module Tirst test the
allocation of the input and output matrices. If both input
matrices are on the same data set, but not on the data set

to contain the output matrix, then one of these input matrices
is copled onto a scratch data set. If both lnput matrices

are on the same data set as the output matrix, then each

input matrix is located and copied onto a scratch data set.
When this has been completed both input matrices are
positioned and the matrix header for the cutput matrix is
written.

Pointers are next set up to indicating positions in the
work area for arrays neeaed to compute the forces.

Subroutine FORCEl 1is called to read element data and
displacements contained in the input matrices

Input Arguments:

NUMOT - the number of output matrices

NAMOT - array containing the names o¢f the output matrices
IOSPEC - array containing output data set numbers

NUMIN - the number of input matrices

NAMIN - array containing the names of the input matrices
INSPEC - array containing input data set numbers

NUMSR - the number of scratch data sets

ISSPEC - array containing scratch data set numbers

NUMSC - the number of input scalars

SCALAR - array contalining the input scalars

IERROR - error return code

NWORK - the number of words of avallable work storage
VIORK - working storage array

Output Arguments: IERROR
Error Returns:

IERROR = 11 or 21, if either the first cr cecond input
matrix can't be found by EUTL3

Calling Sequence:

FCRCE (NUMOT , NAMOT , IOSPEC , NUM1N, NAMIN, INSPEC,NJMSR, ISSPEC,
NUMSC,SCALAR , IERROR, NVORK , WORK )
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8. Input Tapes: INSPEC
9. Output Tapes: IOSPEC
10. Scratch Tapes: ISSPEC
11, Siorage Required: Total Storage requlred is 701816 Bytes.
12. Subroutine User: EXEQ
13. Subroutine Required:

EUTL1

EUTL 3

EUTLY

EUTLS

FORCE1

14, Remarks: C = A,B.FORCE.{",e)
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1. Subroutine Name: FORCE1

2. Purpose: This routlne reads element data and displacements,
calls FORCE2 to calculate the stresses, then writes'the
net element forces for each element.

" .
QS AN NI &

3. Equations and Procedures: A test 1s first made to see
if enough work space 1s avallable to process all elements
successfully. Then for each element this module:

fa) Reads a column of the input matrix containing element
data on HSET1.

(b) Compresses this column, keeping only the element data
necessary to calculate the forces.

(¢c) Calls FORCE2 to calculate the forces and print them
out.

(d) Writes the calculated net element forces on the
output data set. One column is written for each
element, such that each column contains net stresses
for each load condition.

4, Input Arguments:

NELEM - the number of elements

NLOAD - the number of load conditions

NMDB - the order of the displacement array

MAXEL - the length of werk storage needed to process
the maximum slze element

NL48 -  NLOAD*43

uSET1 - the data set number of the input matrix
containing element data

NSET2 - the data set number of the input matrix
containing the displacements

NSET3 - the data set number of the output matrix

NAME - the name of the matrix on NSET2

SCALAR - an array containing the input scalars

MAT - a work array local to FORCE)

IPM - a work array local to FORCE1

FORCEN - work storage for the net element forces

NWORK - the number of words of avallable working storage

WORK - working storage array

IERROR - error return

5. Output Arguments: IERFOR - error return
6. Error Returns:

IERRCR = 15, 1f rot enough work storage to process all
elements

7. Calling Sequence:

FORCE1(NELEM,NLOAD ,NMDB,MAXEL ,NL48 ,NSET1,NSET2 ,NSET3,NAME,
SCALAR,MAT,IPM,FORCEN,NWORK,WORK,IERROR)
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Input Tapes:

NSET1, NSET2

Output Tapes:

Scratch Tapes:

Storage Required: Total Storage required 1s 75616 Bytes.

Subroutine User:

NSET3

None

FORCE

Subroutine Required:

ELREAD
FREEUP
FORCE?2

Remarks:

None

|

N

C e i a  e——— b A




PR TaL
T

PP AT e
eI

Ei 1. Subroutine Mame: FORCEZ

2. Purpose: Thls routine calculates the net element forces
for each load condition. Then calls STRPRT to print the
apparent, appiled and net element forces.

: 3. Equations and Procedures: A test is first made to see
:k if the displacements for all load conditions can fit in
core. If they can, then they are read into core. If the
displacements for all load conditions do not fit into core
then the displacements for each load condition are read
into core one at a time. For each load condition the net
, element forces are calculated and depending on the option
S ¥ specified the apparent, applied or net forces are printed
for each element.

b, Input Arguments:
IEL - the element number
IPL - the element type (new plug numper)
B NIDB - the order of the displacement array
E ¢ NLOAD -  the number of load conditions
| NOINK - the order of the element stiffness array
b NORD - the order of the LISTEL array
: NNO - the order of the nodes array
; NSET?2 - the data set number cf the displacement matrix
: E IIiCORE - a logical variable indicating if all displace-
| ments are in ccore
! FIRST - a logical variable
L NAME - the name of the matrix on HNSET2
K SCALAR - an array contalning the input scalars
NSC - an array containing the number of stress
components for each element type
LISTEL - 2 decoding array to go [Irom reduced degrees
of freedom to system degrees of freedom
AKEL - the element stiffrness array
FTEL - an array containing element applied force
NODES - an array cwntaining the element ncde point
FORCEN - net element fcrce matrix
1IVORK - the number of words of availatle working storage
DISPL - the displacement array
IERROR - error return

5. Output Arguments: FORCEN, IERROR
3 6. Frror Returns:

IERROR = 21, if EUTL3 can't find the displacement matrix
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Callling Sequence:

FORCE2(IEL,IPL,NMDB,NLOAD,NOINK,NORD,NNO,NSET2,INCORE,
FIRST,NAME,SCALAR,NSC,LISTEL,AKEL ,FTEL,NODES,
FORCEN,NWORK,DISPL,IERROR)

Input Tapes: NSET2

Output Gapes: None

Scratch Tapes: None

Storage Required: Total Storage requlired is 100A16 Bytes.

Subroutine User: FORCE1
Subroutine Required:
COLMRD

EUTL3

STRERT

Remarks: None
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Subroutine Name: EPRINT

Purpose: To print out the net element forces or net
element stresses calculated by the FORCE or STRESS ‘modules.

Equations and Procedures: This module first tests the
allocation of the input matrices. If both input matrices
are on the same data set, then the first input matrix is
copled onto a scratch data set.

The input matrices are found and tested for compatability
and the first input matrix 1s copied 1if necessary.

The matrlix contalning element information is read a column
at a tilme as 1s the matrix contailning the net element stress
or forces. Then the input print control is tested in order
to write out the correct headlng for either the forces or
stresses. Subrcutline STRPRT is called f{or each load
condition to print out the values in the second input matrix.

Input srguments:

NUMOT - the number of output matrices

NAMIO - array containing the names of the ocutput matrices
IOSPEC - array contalning output data set numbers

NUMIN - the number of input matrices

NAMIN - array containing the names of the input matrices
INSPEC - array contalning lnput data set numbers

NUMSR - the number of scratch data sets

ISSPEC - array containing scratch data set numbers

NUMSC - the number of input scalars

SCALAR - array contalning the input scalars

IERROR - error return code

NWORK - the number of words of avallable work storage
WORK - workling storage array

Output Arguments: IERROR - error return.

Error Returns:

IERROR = 11 if EUTL3 can't find first input matrix
= 12 if EUTL3 can't find second input matrix.

Calling Sequence:

EPRINT (NUMOT,NAMIO,IOSPEC ,NUMIN,NAMIN,INSPEC,NUMSR,ISSPEC,
NUMSC,SCALAR,IERROR, NWORK,WORK)

Input Tapes: INSPEC

Output Tapes: None
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Scratch Tapes: This routine uses at most one scratch
tape.

Storage Required: Total Storage required 1s 1D2816 Bytes.
Subroutine User: EXEQ

Subroutines Requilred:

EUTL3

ELREAD

FREEUP

STRPRT

Remarks: EPRINT(a,b,c)D
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1. Subroutine Name: STRPRT

2. Purpose: To write on the system output data set the
values calculated by the FORCES and STRESS modules.

3. Equations and Procedures:

(a) Test the input variable IFMT to write out the correct
heading for the element type beins processed.

(b) Calculate the number of stress or force points to
be printed.

(c) If ABS(STRESS(I)) < EZERC then STRESS(I)=0.0.

(d) Virite out the values in array STRESS accoraing to
the 1lnput format.

L, Input Arguments:
IFNT - indicates element type and either stress or
force print
EZERO - suppression value
NRSEL - length of STRESS array
FMT - format used in printer
NSC - number of force or stress component
STRESS - input array containing force or stress

to be printed

5. Output Arguments: l.one
6. Error Returns: Mone
7. Calling Sequence:

STRPRT{ IFMT , EZERO ; NRSEL , FMT , NSC, STRESS )

8. Input Tapes: lione
9. Output Tapes: None
10. Scratch Tapes: done

i1. Storage Required: Total Storage reruired is E2016 Bytes.

12, Subroutine User: STRES2, FURCEz, EPRINT
13. Subroutine Required: lone
14, Remarks: lione
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Subroutine Name: ELREAD

Purpose: This routline reads one column of the natrix
which contains element information and puts that column
in working storage and returns element variables.

Equations and Procedures: Reads one column of the input
matrix which contains:
IEL,IPL,

NORD, (LISTEL(I),I=1,NORD),
NOINK,(AKEL(I),Ial,NOINK),
NORD, (FTEL(1),I=1,NORD),
NNO, (NODES(I),I=1,NNO),
NSEL,(SEL(I),I=1,NSEL),
NRSEL, (SZALEL(I),I=1,NRSEL),
NOINK, (ANEL(I),I=1, NOLNK),
NMASS, (AMASS(I),I=1,NMASS)

Then decodes and returns the variables
IEL . IFL.,NORD,NOINK,NNO ,NSEL,NRSEL and NMASS

where

LISTEL - contains boundary condition information

AKEL - is the element stiffness matrix

FTEL - is the applied load matrix

NODES - contains the grid points defining the element
SEL - is the element stress array

SZALEL - is the thermal stress array

ANEL - is the lncremental stiffness array

AMASS - is the eiement mass matrix

Input Arguments:

NSET - data set number of input matrix

WORK - working storage intc which element data is read
NWORK - number of words avalilable in the work array
IEL - the element number

IPL - the element type (plug number)

NORD - the order of the LISTEL and FTEL arrays
NOINK - the order of the AKEL and ANEL arrays

NNO - the order of the nodes array

NSEL - the order of the SEL array

NRSEL - the order of the SZALEL array

NMASS - the order of the AMASS array

Output Arguments:

NLEFT - the number of work remaining in the work array
NEXT - the next useable position in the werk array
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Error Returns: None
Calling Sequence:

ELREAD (NSET,WORK , NWORK ,NLEFT ,NEXT ,IEL,IPL,NORD,NOINK,NNO,
NSEL,NRSEL,NMASS)

Input Tapes: NSET
Qutput Tapes: None
Scratch Tapes: None

Storage Required: Total Storage required is M3M16 Bytes.

Subroutine User: STRES1, FORCEl
Subroutine Required: None
Remarks: None
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Subroutine Name: PREEUP

Purpose:

This routine 1s uvsed to compress the work

array by compressing out unwanted matrices and frecing
up more storage used after a call to ELREAD.

Equations and Procedures: Thls routine will only com-
presss an array containing submatrices which are preceeded
by tne length of the submatrix.

The number of non-zero elements of MAT 1s tested against
NMAT. If they aren't equal then an error occurs.

The work array is then compressed by searching for those
submatrices to be saved as indicated by a non-zero position
in the MAT array. Vhen a submitrix to be kept is found it
1s moved up in the work array and its initlal position in
the work array is kept track of in the IPM array.

The space taken up by submatrices not wanted 1s now freed-up
for use by someone else.

Input Arguments:

WORK
ISTART

LPWORK

MATOUT

NI“AT
MAT

the input matrix to be compressed up

the pesition of the dimensiorn of the first
submatrix in the work array

the position in the work array at which the
submatrices are tc be moved up to

an integer indicating the number of submatrices
tu be kept, should equal the number of rnon-zero
elements in the MAT array

the length of the MAT and IPM arrays

If MAT(I) is non-zero then the sub-matrix

in the Ith position will be kept, if

MAT(I)=0 then that submatrix will be compressed
out.

Output Arguments:

WORK
IPM
LEAT
IERROR

-

the cleaned-up inplc¢ array

centalns the initial position of the saved
submatrix in the cleaned-up work array

the nerxzt useable position in the work array
error return

Error Returns:

IERROR = 15, if there is an input error
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Calling Sequence:

FREEUP (WORK, ISTART, IPWORK,MATOUT ,NMAT ,MAT ,IPM,NEXT,IERROR)
Input Tape: None

Output Tape: None

Scratch Tares: None

Storage Required: Total Storage required is MBM16 Bytes.
Subroutine User: STRES1, FORCE1L

Subroutine Required: None

Remarks: None
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Subroutline Name: COLMRD

Purpose: This routine is a utilify routine used to
iread a column and uncompress it if necessary. Used
when storing more than one column in the work array.

Equations and Procedures: One column 2f the input data
set is read and EUTL9 1s called to uncompress the column
if necessary.

Input Arguments:

WORK - working storage array, used to input and
output the column read

NSET - the data set number of the matrix to be
read

LENGTH - the length of storage avallable to EUTLY

Output Arguments: WORK

Error Returns: None

Calling Sequence:
COIMRD (WORK,NSET ,LENGTH)

Input Tapes: NSET
Output Tapes: None
Scratch Tapes: None

Storage Requilired: Total Storage required is lDA16 Bytes.
Subroutine User: STRES2, FORCEZ2

Subroutine Required:

EUTL9

Remarks: None
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Subroutine Name: GPRINT

Purpose: This 1s the control routine for engineering
printout of grid point data of rea-tions, displacements
and elgenvectors. It can also be used for printout of
user matrices.

Equations and Procedures: Index pointer indicatving the
initial position in the work array are calculzted tc make
use of dynamics storage allocation.

Subroutine GPRINT1 is called to process input matrices.

Input Arguments:

NUMOT - the number of output matrices

NAMIO - array containing tne names of the output matrices
IOSFPEC - array containing output data set numbers

NUMIN - the number of input matrices

NAMIN - array containing the names of the input matrices
“NSPEC - array containing input data set numbers

NUMSR - the number of scratch data sets

ISEPEC - array containing scratch data set numbers

NUMSC - the number of input scalars

SCALAR - array containing the input scalars

NWORK - the number of words of available work storage
WORK - working storage array

Output Arguments: IERROR

Errcr Returns: Nonhe

Calling Sequence:

GPRINT(NUMOT ,NAMIO,IOSPEC,NUMIN,NAMIN,INSPEC,NUMSR,ISSPEC,
NUMSC,SCALAR,IERROR,NWORK,WORK)

Input Tapes: INSPEC
Output Tapes: IOSPEC
Scratch Tapes: ISSPEC - one scratch tape required

Storage Required: Total Storage required is 3C816 Bytes.
Subroutine User: EXEQ

Subroutine Required: GPFRINT1

Remarks: GPRINT{a,b,c,C1.C2.C3.C4.C5.C6.C7.C8.C9.C10.C11.C12,
D,E,F)G,H
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Subroutine Name: GPRNT1

Purpose: This routine processes the input matrices and
calls the appropriate subrcutines tn print either reactions,

displacements, elgenvalues and eigenvectors or the user
input matrix.

Equations and Procedures: The input matrices are all
found and processed as they are found. If an input matrix
can't be found then IERROR is set tc indicate which matrix
could not be found. Processing is terminated.

(a) Process first input matrix -
This matrix contains system constants:

NDIR - the number of directions
NDEG - the number of types of degrees of freedom
NREF - the number of reference points

These are used to calculate the number of degrees of
freedom in the system

NSDOF = NDIK¥*NDEG¥NREF

{(b) Process second input matrix -
This is the transformation matrix for applicatien of
boundary conditions from which the LIST array can be
czlculated. If this matrix is suppressed then generate
a dummy 1list array.

(¢c) Process third and fourth input matrix -
This matrix is either the reaction, displacement, eigen-
vector or user matrix to be printed in eigineering
format. If it is the eigenvector matrix then the fourth
input matrix is the elgenvector matrix. Depending on
the input scalar KPRT control is transferred to the
szction which decodes one of the above matrices for
constants. Then the matrix 1s stored in a scratch tape
and contrcl transfers to the subroutine which prints
out the matrix.

Input Arguments:

NUMOT - the number of output matrices

NAMIO - the names of the outpu. matrices

IOSPEC - an array containing output data set information
NUMIN - the numher of input matrices

NAMIN - the names ¢f the lnput matrices

IiiSPEC - an array containing input data set¢ information
NUMSR - the number of scratch data sets available

ISSPEC - an array containing scratch data set information
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Input Arguments, Contd.

NUMSC - the number of input scalars

SCALAR - an array contalning the ianput scalar

MAGELG - maximum number of eigenvalues that can be asked for

LIST - array used for boundary condition information.
Decoding list to go from reduced degrees of
freedom to total degree of freedom.

DISPL - working storage for third input matrix

EIGVAL - array to contain eigenvector

NWORK - number of words of available working storage

WORK - working storage array
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Output Arguments:

Error Returns:

IERROR

IERROR

15, user type error

10*K+1, where K is the position of the input matrix

Calling Sequence:

GPRNT1(NUMOT,NAM10,IOSPEC,NUMIN,NAMIN, INSPEC,NUMSR,ISSPEC,
NUMSC ,SCALAR, IERROR ,MAXEIG,LIST,DISPL,EIGVAL, NVWORK,

not found.

WORK)
Input Tapes: INSPEC
Output Tapes: IOSPEC
Scratch Tapes: ISSPEC

Storage Required: Total Storage required is 100016 Bytes.

Subroutine User:

GPRINT

Subroutine Required:

EUTL3 DISPPR
EUTL9 E{GPPR
DECODE MATPRT
REACTP

Remarks: None
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Subroutine Name: DECODE

Purpose: This routine will decode a format matrix and
put it out in the form of full column records with no headers
or trallers.

Equations and Procedures: Read each column into a work
array and test to see 1f it should be uncompressed. Also
keep count of tlie number of columns read in case there are
anry missing columns. A missing column indicatec that alil
row elements are zero so regenerate the zero column. If

=n error occurs then call TSUM to give a tape summary of the
input data set.

Input Arguments:

NSET - the data set number of the FORMAT matrix

NSETS - the data set number of the tape on which the
decoded matrix will go

IROW - row dimension of input matrix

ICOL - column dimension of input matrix

WORK - work array of order IROW

Qutput Arguments: JERROR - error flag
Error Returns:

JERROR
JERROR

0, no error
l, error

Calling Sequence:

DECODE (NSET ,NSETS,IROW,ICOL,WORK,JERROR)

Input Tapes: NSET

Output Tapes: NSETS

Scratch Tapes: None

Storage Required: Total Storage required is 3F8,. Bytes.
Subroutine User: GPRNT1

Subroutine Required:

EUTLY
TSUM

Remarks: None

168




10.
11.
12,
13.
14,

Subroutine Name: REACTP
Purpose: This routine controls the printing of reaction.
Equations and Procedures: Subroutine DISPL1 1s called to

print out reactions for each load condition.

Input Arguments:

NREF - number of reference points

NDIR - number of directions

NDEG - number of types of degrees of freedom

NLOAD - number of load conditions

NMDB - number of degrees of freedom in a reduced system

NSETS - data set number of reaction matrix

LIST -~ decoding list to go from reduced degrees of
freedom to total degrees of freedom

REACT - array containing reactions

EZERO - effecrvive zero for suppression

ROW - row label

COLMS - array of column labels

KPRT - code denotes reaction print

NWORK - number of words avallable in working storage

WORK - working storage

Output Arguments: None

Error Returns: None

Calling Sequence:

REACTP(NREF,NDIR,NDEG,NLOAD,NMDB,NSETS,LIST,REACT,EZERO,
ROW,COLMS,KPRT ,NWORK,WORK)

Input Tapes: NSETS
Output Tapes: None
Sératch Tapes: None

Storage Required: Total Storags Required is 322, Bytes.
Subroutine User: GPRNT1

Subroutine Required: DISPLY

Remarks: None
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Subroutine Name: DISPPR

Purpose: This routine controls the printing of th
displacements.
Equations and Procedures: Subroutine DISPL1 1s called

to print out displacements for each lvad condition.

Input Arguments:

NREF - number of reference points

NDIR - number of directions

NDEG - number of types of degrees of freedom

NLOAD - number of load conditilons

NMDR - number of degrees of freedom 1ln reduced system

NSETS - data set number of displacement matrix

LIST - array for boundary conditions. Decoding list
to go from reduced degrees of freedom to totsl
degrees of freedom.

DISPL - array containing displacements

EZERO - effective zero for suppression

ROW - row label

COLMS - array of column labels

KPRT - code denoting displacement print

NWORK - number of words of available work.ng storage

VWORK - working storage

Output Arguments: None

Error Returns: None

Calling Sequence:

DISPPR(NREF,NDIX,NDEG,NLOAD,NMDB,NSETS,LIST,DISPL,EZERO,
ROW,COLMS,KPRT ,NWORK ,WORK)

Input Tapes: NSETS

Output Tapes: None

Scratch Tapes: None

Storage Required: Total Storage required is 32216 Bytes.
Subroutine User: GPRNT1

Subroutline Required: DISPL1

Remerks: None
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Subroutine Name: EIGPPR

Purpose:

This routine controls the printing of eigenvalues

and elgenvectors.

figuatlons and Procedures:

Subroutine DISPL1 is called to

print out elgenvalues and eigenvector for each eigenvalue.

Input Arguments:

NREF - number of reference points

NDIR - number of directions

NDEG - number of types of degrees of freedom

NEVAL ~ number of eigenvalues

HIMDB - length of elgenvector array

NSETS - data set number of eigenvector matrix

LIST - decoding list to go from reduced degrees of
freedom to total degrees of freedom

DISPL - array contalning eigenvector

EIGVAL - array containing eigenvalues

EZERO effective zero for suppressicn

ROW - row label

COLMS - array of column labels

KPRT - code denoting eigenprint

NWORK - number of words available in working storage

VIORK - working storage

Output Arguments: None

Error Returns:

None

Cailing Sequence:

EIGPPR(HREF,NDIR,NDEG,KEVAL ,IIMDB, liSETS,LIST ,DISPL,EIGVAL,

Input Tapes:
Output Tapes:
Scratch Tapes:

Storage Required:

EZERO,ROV,COLIMS , KPRT , NWORK,WORK)

NSETS
lione
Noune

Totai Storage required is 3““16 Bytes.

Subroutine User: GPRNT1
Suvroutine Reaulred: DISPL1
Remarks: No: 2
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